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The N'C-4 transatlantic flight seaplane aloft, as seen from one of her companion Hying boats 
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The Vickers " Vimy" bomber leaving St. John's for the non-stop transatlantic flight 
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INTRODUCTION 



This monumental work on aeronautic engineering is 
of special importance and value at this time because it 
tells in a simple language, and without difficult formulas, 
how large aeroplanes can be built for aerial transporta- 
tion, and, by giving the drawings, diagrams and photo- 
graphs of existing and proposed types of aeroplanes 
and a wealth of engineering data, will assist engineers in 
building aeroplanes large and small, for aerial transporta- 
tion, and* other purposes. 

While travelling through South and Central America 
recently I was reminded daily that South and Central 
America are waiting for aerial transportation. 

In these countries we have many difficult problems of 
transportation which can be easily solved by aircraft. 
Upon the solution of these problems depends the eco- 
nomic welfare and commercial development of these coun- 
tries, where mountains, forests and waterways make the 
cost of building railroads prohibitive. 

The stupendous flights of the N. C. 4. the Vickers 
" Vimy " and other large aeroplanes have aroused hopes 
that aerial transportation lines will be established in the 
near future. 

In every one of the Latin- American countries there are 
people with imagination and capital who would like to 
take steps to establish air lines, but they do not quite 
know how to go about it. Soon, we hope, enterprising 
experts in the United States will come to our assistance 
and establish these lines. 

While the Pan-American aeronautic movement is youth- 
ful, having been conceived by Mr. Henry Woodhouse in 
1911, and evolved by him and the other energetic and 
far-seeing men, who are responsible for so many im- 
portant aeronautic movements — Messrs. Alan R. Hawley, 
Rear Admiral Robert E. Peary, John Barrett, and Henry 
A. Wise Wood — it is advancing in gigantic strides. 

Because of the broad expanse of territory, the lack 
of roads into all sections of the country, the excellent 
waterways, all kinds of aircraft will be of great value to 
the United States and Canada, as well as to South and 
Central America. 

Five years ago I went with Mr. W T oodhouse to visit 
the Curtiss Aeroplane factory at* Buffalo. The purpose 
of our visit was to prove to ourselves that an aeroplane 
was actually being built that could lift a ton. Reports 
had been circulated that such an aeroplane was being 



designed, but the thing was not considered possible or 
practical. Mr. Woodhouse and myself had been study- 
ing the need of aerial transportation in South and Cen- 
tral America and we realized that, if it was true that 
such an aeroplane was being built, there were prospects for 
the establishing of aerial transportation lines in South 
and Central America within a few years, which would 
solve the difficult problems of transportation. We went 
to Buffalo with keen expectation, but did not expect to 
actually see a large aeroplane under construction, be- 
cause at the time even the highest engineers did not 
admit the possibility of building large aeroplanes that 
would fly successfully. They generally held that aero- 
planes with two motors were impractical, because in the 
event of one motor stopping, the aeroplane, according 
to their computations, would spin around and it would 
be impossible for the pilot to control it. They also held 
that propellers would not stand the vibrations of high 
horse power engines. 

To our great satisfaction and wonderment we found 
in the Curtiss factory a huge seaplane almost completed 
which, we know now, was a prototype of the N. C. 4, 
which flew across the Atlantic. 

I clearly recall how very few people believed us 
when we reported to them what we had seen. It seemed 
impossible ! 

In this valuable Textbook, Mr. Woodhouse points out 
the possibility of building aeroplanes to lift twenty tons 
of useful load, and he explains how it can be done! 
It is not prophecy on his part; it is knowledge of the 
broadest aspects of aeronautic engineering and of the 
aeronautic art as a whole, with the development of which 
he has been closely identified for the past ten years. 

Furthermore, Mr. Woodhouse urges original experi- 
ments in the distribution of the 10,000 square feet of 
wing space which is required to lift twenty tons of use- 
ful load. 

He presents the problems to be solved in clear, simple 
language and clearly defines the factors which will make 
for success in developing large machines for aerial trans- 
portation. Therefore, this Textbook will be of great 
assistance to aeronautic engineers and to every person 
who is interested in the development of aerial trans- 
portation and the use of aeroplanes for general purposes. 

Alberto Santos-Dumont, 

Honorary President Pan-American 

Aeronautic Federation. 
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CHAPTER I 
STATUS OF APPLIED AERONAUTIC ENGINEERING 



Aeronautic Engineering as an applied art is 
only a few years old. 

From December 17, 1903, when the Wrights 
made their first flight, to 1916, the world's aero- 
nautic engineers were so few that they could be 
counted on one's ringer tips. 

In 1912, there were no schools of aeronautic 
engineering and Mr. Henry A. Wise Wood, the 
editor of "Flying Magazine," and the writer 
urged the leading Universities to establish a 
course in aeronautic engineering. Only one 
University responded. The others stated that 
the need for such a course was not sufficiently 
evident to justify the step. 

In 1917-1918 courses in aeronautic engineer- 
ing were established at a number of Universities, 
but the purpose was mainly to give cadets an 
elementary course on the theory of flight; to 
teach them the most elementary principles in 
the shortest time possible. 

The text of the most complete course of its 
kind is reproduced in the Index, entitled 
"Theory of Flight." 

The greatest work in aeronautic engineering 
in the United States was done at the U. S. 



Army Aeroplane Engineering Department at 
Dayton in 1918-1919 and at the largest aero- 
plane factories. Their work was, however, lim- 
ited to some extent by the exigencies of war, 
which confined them to the analysis and con- 
struction of only the types of aircraft which 
were being considered for production. 

It did not, to any extent, bring about the 
combining of the best characteristics of different 
machines of different countries, as might have 
been expected; nor did it bring about to any 
extent, the adoption of best engineering prac- 
tice in aircraft construction. This was due to 
the fact that the problems of aeronautic en- 
gineering were too complex to be mastered 
within a year, even by the best engineers, and 
the necessity for lightness in construction did 
not permit the adoption of automobile or naval 
engineering practice. 

War Developed Speed Regardless of Flying 
Efficiency 

While collectively the developments in aero- 
plane construction brought about by the war 
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represent a stupendous achievement, we find 
that as a whole the war requirements resulted 
in sacrificing flying efficiency for high speed 
and fast climbing. Machines were greatly 
overpowered and such important factors for 
peace flying as slow landing speed and high 
gliding angle were overshadowed by the vital 
importance of fast climbing and speed. 

Night Bombing and Antiaircraft Brought 

About Valuable Developments in 

Aeroplane Construction 

The increasing range of the antiaircraft guns 
forced high flying and was responsible for the 
developing of high ceiling aeroplanes of light 
construction and remarkable efficiency. The 
extension of night bombing operations brought 
about the construction of larger aeroplanes 
such as the Caproni, Handley-Page, Vickers, 
Avro, etc. 1 

The same thing was true in the construction 
of seaplanes. The need of long distance air 
cruisers and torpedoplanes brought about the 
construction of large seaplanes, of which the 
various Curtiss types constructed in the United 
States and England are representative exam- 
ples. 2 

The war also brought about the construction 
of seaplanes capable of starting from and land- 

> See Evolution of the Military Aeroplane in the " Textbook 
of Military Aeronautics," published by the Centurv Co., N. Y. 

* See Evolution of Marine Flying, "Textbook of Naval 
Aeronautics," published hy the Century Co- N. Y., for detailed 
history of the evolution of seaplane construction. 



ing on fairly rough seas. This development is 
of great importance for flying for sport, pleas- 
ure and commerce. 

Engineering Advantages in Large Machines 

Large machines permit refinements in con- 
struction, such as the use of hollow struts and 
hollow members, which is not possible in small 
aeroplanes. 

This has made it possible to increase the 
ratio of useful load by over ten per cent, and 
to get nearer the goal of economic aerial trans- 
portation. 

It is hardly necessary to point out that the 
old theories to the effect that large aeroplanes 
could not be constructed have been exploded. 
There can still be found misinformed people 
who hold that as the thickness of the wings must 
increase in proportion to the span of the wings, 
there comes a point where the weight of the 
wings is so great that their lifting capacity is 
not sufficient to lift the machine from the 
ground. 

We have heard such foolish arguments, which 
for the past fifteen years, and up to the Sum- 
mer of 1917, were actually responsible for de- 
laying the construction of larger aeroplanes in 
the United States just as the fallacious theory 
that if one of the motors of a twin-motored plane 
stopped the plane would spin around, delayed 
the advent of twin motored planes. They are, 
at present, to a smaller extent, delaying con- 
struction of very large aeroplanes. As a mat- 
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ter of fact, through the development of more 
efficient aerofoils, and perfecting the construc- 
tion of wings, it is now possible to obtain wings 
capable of lifting over ten pounds per square 
foot while weighing less than one pound per 
square foot ! 

Plywood Construction One of Most Impor- 
tant Developments 

Plywood construction has been one of the 
most important developments of the past two 
years. 

Plywood permits, for instance, the making of 
the fuselage of an aeroplane in one piece, on 
a mold, eliminating the tedious, heavy, expen- 
sive construction of former days, with its scores 
of wires and turnbuckles. 



Plywood construction of different parts of 
aeroplanes will become general as soon as the 
value of plywood is understood. 8 

Types of Heavier Than Air Aircraft 

The main types of heavier-than-air craft are 

( 1 ) The aeroplane 

(2) The helicopter 

(3) The ornithopter. 

The U. S. Army Technical Department's 
definitions of these types can be found in the 
Index, with other aeronautic nomenclature. 

The helicopter and the ornithopter were con- 
ceived earlier than the aeroplane. Leonardo 
Da Vinci designed an ornithopter or flapping 
wing machine in the fifteenth century. Prac- 

» See Appendix for Chapter on Plywoods and Veneers tn Arm- 
plane Construction. 



The Navy-Curtlss NC-1, the prototype of the Navy-Curtiss transatlantic seaplanes. 
A number of Interesting engineering features are Incorporated in the design in this maehlne. The pilot is located outside 
and above the hull. The tall unit is supported by outriggers. Instead o/ being carried on the rear of the bull, as is the usual 
design in a flying boat. 
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tieally every great inventor — including Thomas 
Edison, Orville Wright, Louis Bleriot, Peter 
Cooper Hewitt, Emil Berliner — has, during the 
past fifteen years given serious consideration to 
the problem of building a helicopter. And we 
may expect good results in the near future. 

Now that good engines are available it is 
possible, to build machines capable of rising 
from and descending to the ground vertically. 

As I have stated in the "Textbook of Naval 
Aeronautics," the Danish pioneer aeronautic 
experimenter Ellahamer has shown me the 
photograph of such a craft in flight. 

Status of Present Day Aeroplanes 

Aeroplanes have reached speeds as great 
as 160 miles an hour, have carried loads rang- 
ing up to six tons and have reached altitudes 
up to 30,500 feet, which is higher than the 



world's highest mountains, and more than 50 
passengers have been carried in one flight. In 
fact the accomplishments of aeroplanes have 
exceeded the expectations even of those to whom 
the subject of aviation has been a life study. 

In spite of these accomplishments, those who 
can see the future of aeronautics from a broad 
standpoint realize that in so far as the construc- 
tion of an aeroplane is concerned, aeronautics is 
in exactly the same position to-day as the art 
of shipbuilding would be if ship builders had 
only reached the stage of building racing boats 
and small yachts! 

Analogous to the racing boat we have the , 
speed aeroplane. The war has necessitated the 
design and construction of small machines, 
whose prime requisites were great speed and 
manceuverability to be used for combat pur- 
poses. Several successful designs were worked 
out, especially on the other side. The small 
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The "Felixstowe Fury," the Porte triplane flying bout This monster flying boat, the largest in existence, is a British 
mHPhlnr with British engines. It is fitted with five Rolls-Royce "Eagles" engines arranged in tandem sets and one single 
"pusher." Propellers in the tandem sets are four-bladed, and the others two-bladed. The total span of the wings is 123 
feet; the length of the fuselage, 60 ft.; the height from keel to ring post, 37 ft. 6 In.; and the total weight 33,400 lbs, 
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The Twin-motored Fai 



i Paris and London. It la fitted with a 



wing area and high landing speed of these planes 
make them suitable only for very expert han- 
dling, and for enjoying all the thrills and stunts 
of expert flying for sport's sake. 

We are just beginning to build low priced 
aeroplanes which will represent in aeronautics 
the equivalent of the motor boat. There are 
already small aeroplanes with a wing spread of 
18 to 20 feet, capable of going at a speed of 60 
to 80 miles per hour, traveling about 20 miles 
to the gallon of gasoline. These small planes 
represent in aeronautics what the motor boat 
represents in the marine field or what the Ford 
and Dodge ears represent in automobiles and 
will be powerful factors in popularizing avia- 
tion. 

But as regards large aeroplanes, we have only 
begun to build the equivalent of small yachts — 
and to go beyond this brings up a large number 
of problems. 

The Navy-Curtiss Flying Boats have a wing 
spread of 126 feet; the chord and gap of the 
planes are 12 feet. The machine is driven by 
four Liberty engines of 400 h.p. each. A speed 
of over 80 miles has been made, and in ten 
minutes the machine has ascended to a height 



of 2000 feet. Fully loaded this machine weighs 
28,000 pounds. It can carry a useful load 
amounting to more than six tons. A more 
comprehensive idea of its carrying capacity may 
be had from the fact that, on one trip 50 people 
have been carried. 

While there are several planes under con- 
struction at the date of writing which have a 
wing span of up to 160 feet, the NC type sea- 
plane and the Handley-Page aeroplane may be 
said to approach the limit in biplane construc- 
tion. It is apparent that to double the size of 
the NC it would be necessary to find a new way 
of distributing the surfaces to lift such a large 
flying boat. 

The four-motored Handley-Page air cruiser, 
which can carry 40 passengers and which has 
given some fine demonstrations, is about 150 
feet in span. It is apparent also that this type 
of plane could not very well be doubled in size 
without devising a different method of distrib- 
uting the amount of surface required to lift a 
machine of such proportions. 

Caproni has built a 5000 horse powered tri- 
plane and is now working on larger planes. 
He has gone further in experiments with tri- 



Detailed Views of NC-4 Transatlantic Type Seaplane 

-The comnnnder'ii coekpit st the rxtntne front of the bull. ' ' i — The pilots' «nnp»rtmenT« showing uperiil 

- Wing tip flout under the lower left m.in Hunt. 6 — Pilot*' ramniriiMM. u teen from the li 

-The blpUne loil group. There are I wo fins and three rudders. 8 — Side lien of front of hull, showing plaren 
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The Martin "Blue Bird" and the Martin "Eagle" built by Captain James V. Martin, the noted American aeronautic en- 
gineer. The "Blue Bird" has wings only 18 feet wide and only weighs 3,50 lbs. with the motor which is of 10 h.p. It will Itind 
on any country road and go about 30 miles on a gallon of gasoline. The Martin "Ragle" is equipped with two 400 h.p. I.iWrty 
motors and is rated to curry i tons of useful load and to have a cruising radius of over 2000 miles. Both machines have a nunv 
ber of remarkable new engineering features including the K-bar cellute truss, the retractable chassis, etc. The larger machine lias 
shaft drive transmission to the propellers. 



planes than most of the other designers and he 
therefore has some advantages in that direction, 
but in planning his larger planes he also finds 
it necessary to adopt different principles in dis- 
posing of the enormous areas necessary to ob- 
tain the desired lift — he will have tandem tri- 
planes. 

In order to bring the aeroplane up to the 
standards set by marine constructors, we must 
develop a cargo carrying type of plane. It is 



obvious that the commercial value of this type 
of machine is enormous. Although we do not 
hope, at least for the present, to create machines 
capable of carrying as much load as an ocean 
going steamer, we do require a plane that will 
carry a sufficiently heavy load, which, taken to- 
gether with the vast saving in time, will .make 
the final tonnage transported close enough for 
comparison. 



The Glenn L. Martin twin motored biplane, equipped with two Liberty motors. 



Getting the same Engineering Results by Different Distributions of Wing Area 



Bristol Triplane, Type Braetnar with 4 Pu 



The Pemberton- Billing quadruplane. Designed by the English aeronautic enthusiast. The height of a machine of this type be- 
gins to be a serious problem, both in landing and in housing it 



Experimental Tandem Biplane of ColMex Jeanson. View of machine taking off. Wing area, 145 sq. meters. Span, 27 meters. 
It Is equipped with 2 motors of 200 h.p. each. Weight of machine, 3700 kilos. 
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How Can We Distribute the 10,000 Square Feet of Wing Surface Required to Lift 20 
tons of Useful Load? 



For commercial success the aeroplane should 
be built to carry 20 tons of useful load. 

How can the 10,000 square feet of wing sur- 
face required to lift this useful load be dis- 
tributed? It would be absolutely out of the 
question to think of constructing a monoplane 
of that area. Since experiments have shown 
the most desirable wing proportion is to have 
the span about six times the width of the plane, 
or in other words, the aspect ratio should be 
about 6 to 1. This would mean that in order 
to obtain 10,000 square feet of surface in a 
monoplane, its surface would have to be 244.8 
feet in length or span, and 40.8 feet in width 
or chord. 

If the same area is to be obtained in a biplane, 
preserving the same aspect ratio or span to 
chord relation, our span would be 171 feet and 
the chord 28.5 feet. It is claimed trfet when 
surfaces are superimposed the full lift is not ob- 
tained from all the planes. In the triplane the 
lift of the middle wing is somewhat decreased 
because of the interference of the plane above 
and the plane below. Some engineers have 
even gone so far as to claim that the middle 



plane gives practically no lift whatever. This, 
of course, is a mistaken notion. Provided that 
the gap between the planes is great enough, each 
of the planes is as efficient as a monoplane sur- 
face. The middle plane gives a decreased lift 
when the adjacent planes are placed too close to 
it, for then the air flow is interfered with. It 
remains with the designers of triplanes and mul- 
tiplanes to determine the aerodynamical effi- 
ciency of the aerofoil. 

Structural advantages are to be had in tri- 
plane and multiplane combinations and very 
often the disadvantages resulting in decreased 
efficiency of the wings are more than offset by 
the structural advantages gained. 

If we tried to build a triplane with 10,000 
feet of surface it would have to be close to 50- 
feet high. 

Here comes the difficult problems of landing. 
We recall that the Avro triplane at the Boston- 
Harvard Meet, September, 1910, had the tend- 
ency of toppling over at the least cause. That 
machine established a traditional prejudice 
against triplanes and quadruplanes. But the 
height of aeroplanes has gone up ; and although 
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the prejudice still remains, the height of aero- 
planes is increasing year by year. The Porte 
triplane is over 27 ft. 6 in. high; the Caproni tri- 
plane is over 19 ft. high, the Gotha-Zeppelin is 
21 ft. high, the Voisin triplanes are 18 and 19 
ft. high respectively, the Handley-Pages are 
from 18 to 20 ft. high; the Curtiss NC is 24t¥i 

ft. high. 

Such a machine as» proposed would possess a 
high center of gravity and would be apt to over- 
turn on landing, due to inertia, unless the body 
and lever arm were of sufficient length to coun- 
teract this force. 

Then also we must consider that it would 
necessitate a hangar of unusual structure to 
properly house such a machine. This is one of 
the allied problems which come up when unusual 
planes are contemplated. 

When Handley-Page built his large biplane, 



in 1916, and adopted a ten-foot chord, instead 
of the conventional 6% -foot chord, he started a 
new development. He demonstrated the possi- 
bility of using a greater chord to solve the prob- 
lem of building larger planes without going into 
extreme wing spans or excessive heights. 

But while adopting a greater chord may be a 
partial solution in building an aeroplane with 
5000 square feet of wing surface, it does not 
afford -a practical solution in building a plane 
with 10,000 square feet of surface. 

We must, therefore, turn to new sources for 
solution of the problem of distributing 10,000 
square feet of wing surface in order to lift the 
20 tons of useful load referred to above. 

The following table has been prepared to 
show how an area of 10,000 square feet can be 
disposed and divided into from 1 to 25 planes, 
each preserving the proper aspect ratio. 
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Area Distribution, Wing* with Aspect Ratio 

of 6 to 1 



Number 


Area 






of 


each 


Chord 


Span 


Surfaces 


Surface 
(sq. ft.) 


(feet) 


(feet) 


1 


10,000 


40.8 


244.8 


2 


5,000 


28.5 


171.0 


3 


3^33 


23.5 


141.0 


4 


2,500 


20.3 


121.8 


5 


2,000 


18.2 


109.2 


6 


1,666 


16.6 


99.6 


7 


1,428 


15.4 


92.4 


8 


1,250 


14.4 


86.4 


9 


1,111 


13.6 


81.6 


10 


1,000 


12.9 


77.4 


11 


909 


12.3 


73.8 


12 


833 


11.7 


70.2 


13 


769 


11.3 


67.8 


14 


714 


10.9 


65.4 


15 


666 


10.5 . 


63.0 


16 


625 


10.1 


60.6 


17 


588 


9.9 


59.4 


18 


555 


9.6 


57.6 


19 


526 


9.3 


55.8 


20 


500 


9.1 


54.6 


21 


476 


8.9 


53.4 


22 


454 


8.6 


51.6 


23 


434 


8.5 


51.0 


24 


416 


8.3 


49.8 


25 


400 


8.1 


48.6 



It is noticed that in the larger aeroplanes the 
aspect ratio tends to increase. For example, 
the Handley-Page has a ratio of 10 for the up- 



per plane and 7 for the lower. This is true also 
of the Caproni Triplane where the aspect ratio 
of all three* planes is about 10. Where a greater 
aspect ratio is under consideration (and the 
trend of design in larger machines leads us to 
the adoption of greater span) a different table 
of dimensions, would, of course, be necessary, 
but the one shown above gives us a working 
basis, upon which calculations of a more exact- 
ing nature may be founded. 

Relation of Gap to Chord 

The proper relation of gap to chord is still 
greatly a matter of opinion. Authorities dis- 
agree on how close wings can be placed without 
mutual interference. This is true even in the 
case of triplanes. Manufacturers like Caproni, 
Armstrong-Whitworth, Roe and Curtiss have 
conducted experiments with triplanes and quad- 
ruplanes, but it is a fact that very little aerody- 
namical data is available covering the results of 
tests on triplanes, quadruplanes, and multi- 
planes. 

Even at this late date many people will con- 
tend that triplanes and quadruplanes are ineffi- 
cient because the middle wings do not lift. It 
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Latest type of Voisio 4 motored 900 h.p. Biplan 



is hardly necessary to point out that if the mid- 
dle wings do not lift, the trouble must be that 
the engineer did not get the best proportion of 
gap to chord. 

Another reason why a loss in efficiency may 
he found in triplanes and multiplanes is that no 
modification of the wing curve may have been 
made according to its particular application. 
When a monoplane wing section is to be em- 
ployed in a biplane arrangement, changes might 
be made in the contour of the under surface of 
the upper plane, and the upper surface of the 
lower plane. In the triplane, alterations should 
be made as in the biplane and furthermore, both 
upper and lower surfaces of the middle plane 



must be changed to coordinate with the plane 
below. 

With experiments along this line, more effi- 
ciency can be expected in the multiplane of the 
future. It is not to be wondered at that so 
little success has met the efforts of designers 
who sought to employ a "universal wing curve," 
having, they believed, a constant effect whether 
used as a monoplane, biplane, or triplane, de- 
ducting 5 or 10% for multiplane inefficiency 
without suspecting that an alteration of the 
curves would give more desirable results. 

It may be found that altered wing curves 
permit of closer spacing between planes, tend- 
ing to cut down both the weight of interplane 



The DeH.-17, a twin motored Tractor Biplane. This machine has been designed for high speed passenger and freight 
service. The saloon will accommodate 14 passengers, each comfortably seated, having a clear view in all directions, and free 
to move about. Lavatory accommodations are also provided. The motors are of 000 h.p. each. The machine is capable of 
making a speed of 125 m.p.h. and has a radius of 400 to 500 miles at full speed. It can climb to 10,000 feet in 15 minutes. 
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struts and bracing and the resistance they pre- 
sent. 

Tandem Planet Represent the Solution 

The best possible solution that suggests it- 
self is that the 10,000 square feet of wing sur- 
face be distributed in Tandem Planes. But 
what should the Tandem Planes be? Mono- 
planes? Biplanes? Multiplanes? 

The first noteworthy experiments with Tan- 
dem planes were made by Samuel P. Langley. 
Sinee»then a number of experiments have been 
made with tandem planes but few of the experi- 
menters have had the opportunity of testing 
triplanes and getting aerodynamical data so as 
to ascertain the relative efficiency of Tandem 
Planes. This is a tremendous field and here 
the aeronautic engineers will have to find the 
correct relation between surfaces that are dis- 
posed one above the other and in Tandem 
Planes, the distances between the planes or 
groups of planes. If three or more sets of 
planes are to be used, then the problems multi- 
ply, for, then will come in again the problem 



of finding proper relation between the gap and 
chord, distances between sets of planes and of 
the reduction to a minimum of parasite resist- 



Problema of Trusting and Bracing 

The employment of many lifting surfaces, 
either superimposed or adjacent, will necessi- 
tate new structural methods. In this field, our 
engineers and bridge builders can help us. We 
need the simplest forms of structural stiffening, 
in order not to create too much parasite resist- 
ance. By dividing up our wing area into many 
small planes, the loading on each plane will be 
comparatively light, and consequently it would 
seem that a light but sufficiently safe structure 
can be used for these wings. {See in Appen- 
dix article on the Evolution of Aeroplane Wing 
Trussing.) 

Body Construction 

We will assume that the distribution of the 
10,000 square feet of wing area necessary to lift 



A Giant British Flying Boat, driven by three motors aggregating 1000 h.p. This boat was used by the British at Heligoland 
Light for patrol duty. It has a large cruising radius and can carry a considerable load. A reconstructed plane of this type 
will make a good type of commercial passenger and freight carrier. 




The "Braemnr" Mark II Bristol Triplane 
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Tin- British Armstrong Whit worth 
Quadruplane with a 130 h.p. Clerget 
i'ii pine. It is a two seater, general 
utility machine and makes a speed 
of fi4 m.p.h. at ground level. This 
was one of the first quadruplanes to 
be built 



20 tons of cargo has been successfully worked 
out. At this point we are confronted by an- 
other serious problem. How are we going to 
construct a body or fuselage for this Multi- 
plane ? We must provide spaces for the cargo in 
such locations as to make them readily access- 
ible, and at the same time to make the moments 
about the center of gravity of the whole machine 
either comparatively small or else nicely equal- 
ized, in order to prevent undesirable flying de- 
fects. The problem of fuel storage is also pres- 
ent. The machine would be multi-motored, and 
the location of these motors and their fuel sup- 
plies will involve a large amount of careful plan- 
ning. 

Furthermore, if our plane is to be a passenger 
carrier, comfortable quarters must be provided. 
Here again we must try to emulate the stand- 



ards of yacht and ship builders. We should 
try to locate our passengers so that they could 
obtain an unimpaired view, since the latter is 
one of the supreme joys of an air voyage. 

The type of multiplane will also involve prob- 
lems. If it is to be a flying boat type, it must 
be made strong and seaworthy, and at the same 
time not unduly heavy. If we are planning a 
land machine, the landing gear must be propor- 
tioned to withstand the heavy loads with a good 
factor of safety and yet not offer too much air 
resistance in flight. 

There follow herewith the designs and details- 
of construction of practically all the important 
types of aeroplanes in existence to-day. The 
engineer is, therefore, enabled to compare them 
and see what the best aeronautic engineering 
practice of different countries is. 



This Sikorsky hi plane equipped 



Argus motors of 140 h.p. 



; Ihe prototype of the mu 1th nolo red plar 
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This 1917 Sikorsky biplane was equipped with 4 Renault motors of jfcJO h.p. each. It was built in Russia. 



A 5-motored German Giant Biplane. In the nose of the machine is an engine driving a tractor screw. The other four en- 
gines are mounted in tandem sets of two. A machine of this kind represents a possible type of commercial aeroplane of the im- 
mediate future. However, it earn readily be seen that the proportions of a machine of this lifting capacity are approaching a 
limit. Some other method of distribution of the aerofoil surfaces is needed to obtain a still greater lift. 



The two sets of tandem motors in the German 5-motoreti 
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weight carrying aeroplanes has been fully demonstrated. 



CHAPTER II 
MULTI-MOTORED AEROPLANES 



The 5-Motored German Biplane 

Complete details of this machine are not available at the 
present time. The wreck of one of the bombing machines 
of this type was carefully studied by members of the Brit- 
ish Technical Department and an approximate idea of its 
construction was obtained. 

The power plants are arranged as follows: In the nose 
of the machine is one engine driving a tractor screw. On 
each side of the fuselage, supported by the wings, is a long 
pair of engine bearers, carrying two engines apiece, which 
drive tractor and pusher screws, in a manner similar to 
that employed in the earlier designs of the Russian giant 
plane constructed by Sikorsky in 1913. 

The engines used are the Maybach 300 h.p. standard 
6-cylinder vertical type, driving the propellers through a 
gear box and driving shaft. This necessitates the employ- 
ment of a fly wheel on the engine, to which is added the 
female portion of a flexible coupling. 

The gear box casing consists of a massive aluminum 
casting provided with four feet which are bolted to the 
engine bearers. 

Two kinds of gear boxes are employed. These differ 
only in over-all dimensions and. the length of the propeller 
shaft. 

The larger type is used for the pusher screw in order to 
obviate the necessity of cutting a slice out of the trailing 
edge of the main planes. 

In each case the gear reduction is 21 — 41. 

Plain spur pinions are used having a pitch of 22 mm. 
and a width across the teeth of 75 mm. The diameter of 
the smaller of the driving pinions is 162.5 mm., and that 
of the larger pinion 282 mm. 

The larger pinion is considerably dished, but the web is 
not lightened by any perforations. 

The over-all dimensions of the longer gear box is as 
follows : 

Length, 1025 mm. 
Breadth, 675 mm. 
Height, -535 mm. 

The driving pinion runs on two large diameter roller 
bearings carried in gunmetal housings supported in the 
inner end of the gear box. This part is split vertically, 
and united by the usual transverse bolts, whilst the conical- 
shaped portion of the box is solid. The usual oil-thrower 
rings of helical type are fitted. 
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At its outer end the pinion shaft terminates in a ring of 
serrations which engage with serrations provided in the 
male portion of the flexible coupling, these two parts being 
held together with bolts and clamping plates. The engine 
is thus close up against the gear box, in contradistinction 
to the design of the 4-engine power plant. There is prac- 
tically no external shaft at all. The larger pinion is 
mounted on a hollow shaft of 92 mm. diameter, carried on 
roller bearings at each end for radial load and furnished 
at the nose end with ball thrust bearings. 

In the shorter type of gear box the larger pinion shaft 
is left solid, and it would appear that the gear box casing, 
instead of being made in three pieces, is made in two 
pieces, i.e., the whole box is simply split vertically. 

The smaller pinion shaft projects right through the gear 
box, and at its outer end carries a projection fitted with a 
small ball thrust race. This projection acts as a drive for 
the oil pump, which is mounted on the oil radiator used in 
connection with each gear box. 

It is worthy of notice that the German designers have 
fully realized the importance of using geared engines for 
weight carrying aeroplanes, and are apparently satisfied 
with the external gear box principle, although in this case 
they have made it a very ponderous affair. Needless to 
say, a great amount of the weight could have been saved 
if 12-cy Under engines had been used instead of 6-cylinder. 

The weights of the gear box and its attachments are as 
follows : 

Gear box, long type, 80 lbs. 

Fly wheel and female clutch, 44 lbs. 

Male clutch, 5 lbs. 

Oil radiator, 12i/o lbs. 

This, it will be seen, represents an additional weight of 
considerably more than 1 lb. per h.p. 

The oil radiator used in conjunction with each gear box 
is of a roughly semi-circular shape, and is slung under- 
neath the main transverse members of the engine bearer* 
so that it comes immediately beneath the large feet of the 
gear box. This radiator is entirely of steel construction, 
and embraces 65 tubes of approximately 20 mm. internal 
diameter. These are expanded and sweated into the end 
plates, to one of which is fitted a stout flange, against 
which is bolted a small gear pump which constantly circu- 
lates the oil from the gear box case through the radiator. 

This gear pump is driven by a flexible shaft from the 
small pinion, the shaft and its casing being in all respects 
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similar to those employed for engine revolution counters. 

This flexible drive is taken off a small worm gear. 

£ Underneath the oil pump of the gear box proper an clec- 

x trical thermometer is fitted, which communicates with a 

t dial on the dashboard. 

* It is a little difficult to see what object can be served by 
Js this thermometer, unless it be to indicate the desirability 
Z of throttling down a little in the event of the oil getting 

1 unduly hot, as there is no apparent means of controlling 
™ the draught of air through the oil radiator. 

P. Kitted on each gear box and working in connection with 

% the oil circulation is a filter. This is provided with an 

 g aluminum case and a detachable gauze cylinder through 

_ which the oil passes. 

"i The arrangement of the gear box is such that the axis of 

~ the propeller is raised about 220 mm. above that of the 

engine crankshaft. 

>. The construction of the long engine bearers is not with- 

* out interest. Each bearer consists of a spruce or pine cen- 
£■ tral portion, to which are applied, top and bottom, five 
Ed laminations of ash. On each side are glued panels of 

S £■ 3-ply, about '/* in. thick. 

■n ts The engine bearers taper sharply at each end. and 

e = are strengthened by massive steel girders under each gear 

y a box. 

The screws revolve at approximately half the speed of 

S = the engine, and having therefore a moderately light cen- 

i v trifugal load to carry, are made of a common wood that 

2 "" would scarcely be safe for direct driving screws. The 
E^ diameter is 4,30 meters and the pitch 3. SO, for the pusher 
<S « screw, but it is not possible to state whether the tractor 
~ » screws are of the same dimensions and pitch. 

= -; The construction is very interesting ; each screw is made 
£■ ° of 17 laminations of what appears to be soft pine, and 
c ~ these laminations are themselves in pieces, and do not run 
| ■£ continuously from tip to tip. They are, of course, slag- 
'" ~ gercd, so that the joints in successive layers do not coin- 
EC t cide. Two plies of very thin birch veneer are wrapped 
t round the blades. The grain of this veneer runs across 
t <a the blade instead of along it. It is difficult to say from 
'= = the appearance of the screw whether this veneer has been 
^ -g put on in the form of 2-ply or as two separate layers, one 
5j after the other. , 

£ The engine control consists of five stout steel tubular 

jf levers. The levers arc fitted with ratchets, so that each 

i one can be operated individually; but the presence of the 

% large-diameter toothed wheel in the center of the lever 

| shaft would seem to indicate that all five levers could. 

when desired, be controlled simultaneously. 

jj; The Douglas type of engine, carried for the purpose of 

— driving the dynamo of the wireless and heating installa- 

^ tion, is used. The engine is a very close copy of the 

*- 2% ti.p. Douglas and is made by Bosch. The fly wheel 

a is furnished with radial vanes which induce a draught. 

~ through a sheet-iron easing, and directs it past cowls on 

u to the cylinder heads and valve chests. 

T The generator is direct-driven through the medium of a 

5. pack of flat leaf springs, which act as dogs and engage 

I with the slots on the fly wheel boss. 

:= An apparent transformer, used in conjunction with the 

wireless set, was also in use. 

The tail skid of the machine is built up of laminations of 
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jisIi and is furnished « 
universal attachment. 



i steel shoe and a large 



The 4-Motored Voisin Triplane 

In order to avoid constructing a machine of huge pro- 
portions in order to obtain the desired lift, the French 
have taken a step in the right direction in distributing into 
three planes the necessary aerofoil area. 

The Voisin triplanes are an example of this type of 
machine, They are powered with four motors, operating 
in a manner similar to those on the Handley-Page ma- 
chine. The tail is supported by streamlined outriggers, 
as shown in the illustration below. 

The 4~Motored Handley-Page Biplane 

This huge machine was designed by Mr. Joseph Hand- 
ley-Page, an English aeronautic engineer of over ten years' 
experience. It is powered with four Rolls-Royce or Lib- 
erty motors, mounted in pairs, one behind the other and 
driving tractor and pusher screws. 

The machine is capable of carrying more fuel and use- 
ful load than would be required to cross the Atlantic 
Ocean. In November, 1918, forty passengers were car- 
ried over the city of London in a machine of this type, and 
a month later a flight was made from London to Cairo 
and from Cairo to Delhi, India. These demonstrations 
established this type of plane as a long distance passenger 



and 11 
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The 4-Motored Sikorsky Biplane 

The originality and energy of the Russian aviator and 
inventor, Mr. I. I. Sikorsky, made him one of the pioneers 
in the design and construction of huge, multi-motored bi- 
planes. 

In the spring of 1913, his first giant aeroplane was 



ready to take the air. He called it the " Russian Knight." 

In general arrangement, the " Russian Knight " was 
characterized by a very long, shallow body, about 1 9 
meters in length, above which the cabin portion extended 
for a considerable distance. The span of its wings was 
28 meters with a chord of 3 meters. A monoplane tail 
and four vertical rudders constituted the tail units. 

The cabin portion of the machine forms the most inter- 
esting feature. It was divided into three compartments. 
In the front one were two seats, one on each side of the 
cabin, in front of which were the dual controls. Nor- 
mally the controls on the left were the main ones, and in 
front of them were mounted all the various instruments. 
Between the two seats was an open space leading to a 
door opening out on to the open part of the body in the 
extreme nose. From here observations could be made 
with ease, as the position was so far forward as to be well 
clear of all obstructions. For use at night a searchlight 
was placed right out in the bow, where it would not dazzle 
the pilot but would illuminate the landing ground. 

The central portion of the cabin was set aside for the 
accommodation of passengers. As was to be expected in 
a machine so elaborately equipped, the passengers were 
not asked to squeeze into seats of the ordinary bucket type. 
Chairs, well upholstered and not fixed to the floor were 
placed alongside the windows. Communication between 
passengers' and pilot's cabins was by means of a glass 
door, and thus any passenger could walk through the 
pilot's compartment out on the open front portion of the 
body, where a more unobstructed view was obtainable. 
From illustrations, the doors leading out into the open 
appear to be, instead of sliding, of the swinging pattern, 
so that opening them against the pressure of the air may 
have been attended with some difficulty. 

To the rear of the passengers' compartment was a par- 
tition, with a door leading to the aft cabin, which was 
divided into two parts, one part of it being set aside for 
housing spare parts, while the other contained a sofa on 



Tire 4-inotorcd Voisin Triplane. The required aerofoil area has been distributed into three planes, thereby bringing the 
proportions of the whole machine to a reasonable standard. The necessary vertical surface has been obtained by constructing 
a solid weh between the two sets of motors. The landing gear is of the vehicle type, enabling the machine to easily travel over 
the ground. 
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winch those weary of the journey might lie down and rest. 
It is stated that the cabin walls so reduced the noise of the 
engines that conversation could be carried on quite com- 
fortably inside the cabin, 

In front the body rpsted on the lower main plane, which 
further, supported the four Argus motors of 100 h.p. each 
that supplied the power. At first these four motors were 
mounted in pairs, one pair on each side of the body, the 
front one driving a tractor screw and the rear one a pro- 
peller. Later a different arrangement was tried by which 
the four engines were all placed on the leading edge, two 
on each side of the fuselage, and each driving a tractor 
screw. Later again the two outer engines were removed 
altogether, and the machine flew quite well with the re- 
maining two. After having done a considerable amount of 
flying and established a world's record for passenger 
carrying — 1 hour 54 minutes with pilot and seven pas- 
sengers — the "Russian Knight" came to sn untimely 
end through a machine flying overhead shedding its en- 
gine, which crashed through the wings of the " Russian 
Knight." 

Immediately afterwards, Sikorsky began to construct an 



Three views of the German Zepp 

improved type of giant. He finished his machine in De- 
cember, 1913, but to his great astonishment it refused to 
fly. After making certain alterations he succeeded in get- 
ting a very good flight out of it. This second giant was 
the famous " Ilia Mourometz." The span of its wing was 
thirty-two meters with a chord of three meters. Tlie 
" Ilia Mourometz " presented a very peculiar appearance. 
The front of the body was flush with the front of the 
wings. The body and the under-carriage were constructed 
on an entirely different design to that of the " Russian 
Knight." The body instead of being completely made of 
three-ply wood was merely webbed with three-ply and 
covered with canvas. It had a series of cabins which ex- 
tended for a little more than half its length, after which 
a gangway led to the extremity of the tail, where a short 
ladder and trapdoor gave entrance to the tail deck. This 
deck was very small and was only used by the mechanics 
to regulate the tail plane and the rudder wires. The main 
deck was in the middle of the body and it was constructed 
to carry machine-guns and searchlights. A third deck 
was fixed to the under-carriage and here, too, there was 
room for a machine-gun or a searchlight. The aeroplane 
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el in 4-motored Bombing Biplaae. 

had four landing wheels. Sikorsky succeeded in getting 
much better results from his second than from his first 
giant and during the spring of 1914 he made many note- 
worthy flights. The power plant consisted of four engines 
developed up to five hundred and twenty h.p. The speed 
of the aeroplane was about one hundred and five kilo- 
meters an hour and it could carry a load of two and a half 
tons, though as a matter of fact it rarely carried more 
than one and three quarter tons. 

During the past two years, giant biplanes of the Sikor- 
sky type have been built in England, and equipped with 
Rolls-Royce motors; they have done excellent work. 

The 4~Motored Zeppelin Biplane 

The principal details of this machine were obtained by 
s group of engineers from the examination of a bomber 
brought down in France. 

The plane is equipped with four May bach engines deliv- 
ering a total of 1200 h.p. Each motor is independent. 
All are placed at the same level and in pairs. They are 
set up one behind the other. The front ones are tractors 



and the rear ones are pushers. Each motor is placed be- 
tween two braces. Half of the length on the motor ex- 
tends behind these braces, and half ahead of them. 

In order to bring the center of gravity of the machine 
sufficiently far forward, the weight of the two engines is 
massed towards the leading edge of the main plane; by 
driving the screws through shafts and reduction gears, the 
necessity of cutting away large sections from the planes to 
give room for the rear propellers has been avoided. The 
two engines are placed close together, so that the rear 
motor is some little distance away from its screw. The 
forward engine is, however, mounted close up to the tractor 

The employment of shafts and reduction gears necessi- 
tates fly wheels on the engines. These are 4 meters in 
diameter, and are made of cast iron. The tubular driving 
shafts between the fly wheel and the gear box are furnished 
with flexible leather couplings. These are of a novel type, 
and consist of a male and female drum, each furnished with 
circumferential notches, between which are interposed a 
series of flat leather strips. The female drum forms part 
of the Ay wheel. 



Bombing Plane. The 4-Motored Zeppelin Biplane. Drawings by Jean Lagorgctte. 
The ribs of the lower wings and lower elevators are shown in dotted lines, also the rudders. To the left and out of the 
fuselage figures three and four show the diameter of the transversal struts. The upper wings are in reality 4.5cm. out of center. 
B and 1 are transversal frames. In G frame the wing longeron Is placed somewhat underneath the position it occupies in E and 
it replaces the tube cross bracing above frames E to H. The dotted lines indicate longitudinal beams, c is the sectional lon- 
geron of the fuselage, e is a section of the corner angle of the fuselage in the angle of the longeron. 



A side view iif llir Zeppelin Bomher. The upper wings are really out of renter hI the rear about IS cm. The angle of in- 
cidence is such lhat the struts are at right angles to the chord. The propeller and motor-, are alxiut 11 cm. back. The ribs of 
the central tectum are extended into the leps of Alt of the cockpit. There are two elevators in similar directions and the central 
section comprises a large triangle besides the lateral planes, the inside apex of which forms a semi ellipse. The parts B-A in 
the sketch may be taken to pieces without s]«iiling the main part of the machine. 



MULTI-MOTORED AEROPLANES 



Din- ia; [limit ic view of the construction of the Zeppelin 4-motorcd Bombing Diplune. 



The ftear box consists of a casing of aluminum, provided 
with cooling fins. 

* Beneath each gear case is a small radiator for cooling 
the lubricating oil circulated through the engine. This 
radiator consists of a flat semi-circular tank, fitted with 
numerous transverse tubes of fairly large diameter (about 
20 mm.) in a manner similar to that of a honeycomb radi- 
ator. A pump mounted at the base of the radiator is also 
furnished with an electrical thermometer, giving a reading 
on a dial in the cockpit. 

Each engine is fitted with a self-starting arrangement of - 
the type usually fitted to May bach motors. The exhaust 
pipe may be closed by means of a shutter, and all the 
cylinders can be filled with gas from the carburettor by 
means of a large hand-pump, for which purpose all the 
valves are held open. When these valves are closed, and 
the starting magneto operated, the engine fires and con- 
tinues running. Each engine has its own radiator, which 
is mounted directly above it, and supported by struts and 
stay wires at a point about half-way between the top and 
bottom planes. These radiators are of the usual type. 
They are rectangular in shape, with their greater length 
placed horizontally, and the radiating surface consists of 
a series of zig-zag tubes placed vertically. 

The engine bearers consist of stout ash spars, reinforced 
with multi-ply wood. The engine controls appear to be 
made chiefly of ash and covered with a thin veneer. 

Wing Construction 

The spars are built up very elaborately in sections, and 
consisting of no less than seven sections of spruce, rein- 
forced with multi-ply on each side, and finally carefully 
bound with doped fabric. 

The spars of the lower wings are continuous, that is to 



say, they run right across the center section of the fusel- 
age, to the longerons of which they are secured, contrary 
to the usual practice, in which special compression mem- 
bers, forming part of the fuselage construction, are em- 
ployed. The wing surface, both upper and lower, is di- 
vided into three sections, of which the middle section ex- 
tends to the engine mountings on each side. The spars in 
this section are both at right angles to the axis of the 
fuselage. At each side of the middle section the leading 
edge of the wings is boldly swept back as well as tapered. 
The rear spars of the wings, together with those of the 
center section, form s straight line from wing-tip to wing- 
tip, but the front spars are swept back. 

The ribs are built up, and of girder form. 

Between the leading edge and the leading spar, numer- 
ous extra ribs occur in addition to the main ribs. Internal 
bracing against drag takes the form of steel tubular com- 
pression members and steel cables, the former being placed 
at a point coincident with the attachment of each inter- 
plane strut. An additional bracing is installed, of which 
the compression member consists of a double rib placed 
half-way between the struts. In each case the bracing 
wires pass obliquely right through the spars. 

The ribs are mounted parallel to the line of flight. 

The disposal of the spars is as follows: 

Top Plant — 

Leading edge to center of leading spar. . . 1 ft. 9y, In. 

Distance between centers of spars 5 ft. 7i/ a in. 

Trailing edge to center of rear main spar S ft. 

Bottom Plane — 

Leading edge to center of leading spar. .. 1 ft. 7% in. 

Distances between centers of main spurs. 5 ft. 1 in. 

Trailing edge to center of rear main spar S ft. (approximately). 

The trailing edge of this aeroplane was too badly dam- 
aged to permit of this measurement being given accurately. 
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Between the interplane struts the rear spars are thinned 
down in width, but their depth remains practically constant 
from root to tip. Such tapering as exists is so arranged 
as to promote a decided wash-out of the angle of incidence 
near the tip. This is done by tapering the front spar on 
its upper edge, and the rear spar on its lower edge. 

Ailerons 

These are on the top planes only, and are provided with 
a framework of steel tubing. They are not balanced, and 
the controls are led in the usual manner through the bot- 
tom plane from the aileron lever. 

The span of each aileron is 22 ft. 5 in., and the chord 
3 ft. 4 in. 

Inter-plane Struts 

These are of large-diameter steel tube, covered in with 
a streamline fairing consisting of three-ply mounted on a 
light rib-work of wood. 



Bracing 
The attachment of the bracing cables to the spars is 
somewhat similar to the bracing of the Fokker fuselage; 
that is to say, the wires, instead of being anchored at each 
end to an eyebolt, are double, and are looped round the 
spar, to which is fixed a grooved channel-piece for the 
reception of the cable. It is difficult to see that any ad- 
vantage is gained by this arrangement. 

Tail Unit 
A biplane tail, somewhat similar to that of -the Handley- 
Page, is fitted. The fixed tail planes, the angle of inci- 
dence of which can be adjusted through small limits, are 
of wooden construction, and have the following dimen- 
sions : 

Span each side of fuselage 12 ft. tin. 

Chord (average) 4 ft. 10 in. 

Gap 6 ft. 9 '/„ in. 



The Bristol Bomber Triplan 



Type "Braemar" with * Puma engines. The motors are mounted in tandem pairs. Ailerons t 
fitted to the ends of the two upper planes only. 
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Rear view of the Bristol 4-motored Braemar Triplaoe. The continuous middle wing over the fuselage is an Interesting feature. 



Elevators 
These are fitted to botli the top and bottom tail plants, 
and are of aluminum construction, the ribs, being of girder 
form, somewhat similar in construction to the ribs of the 
main planes. The elevators are not balanced; the top and 
bottom elevators are fitted with independent control levers, 
but are presumably operated together from the control 
stick. Their dimensions are as follows: 

Span -f> ft. 6 in. 

Cliord at tip Jft.4ln. 

Chord at center 1 ft. fi in. 

Fins 
There are three fins; two outer ones forming interplane 
struts, and an inner central one of triangular shape. 



Rudders 
The framework of these organs is built up o 
There is also a quadrant at the foot of the rudder posts by 
means of which they are operated; each rudder post is 
fitted with ball bearings, both top and bottom. 

Undercarriage 
Beneath each engine section is an undercarriage consist- 
ing of a massive axle fitted with four wheels at each end. 
This axle is attached by india-rubber shock absorbers to 
the tubular steel V-struts which form extensions of the 
engine bearer struts. A third undercarriage is mounted 
under the forward part of the fuselage, and consists of an 
axle with one pair of wheels. 



Photograph of the famous De llaviland 10, which is being used in the London to Paris passenger service. This machine is 
equipped with two Rolls-Royce motors, and has'a maximum speed of 138 miles per hour. 
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The L'. S. Navy-Curtis* No. 4, first to cross the Atlantic 

The U. S. Navy-Curtiss No. 4 Transatlantic Seaplane 



The NC Type of flying boats constructed by the Curtias 
Company, represents strictly original American develop- 
ment. The design was initiated in the Fall of 11)17 by 
Rear Admiral D. \V. Taylor, chief constructor of the 
L*. S. Xavy. The big boats were designed for weight 
carrying and it was intended to use them in combating 
the submarine menace which bad assumed alarming pro- 
portions in 1018. The NC-1 was completed and given 
her trials in October, 1018. Since that time the NC--2, 
NC-S, and NC-4 followed in quick succession. 

Fully loaded the machine weighs 28.000 lbs. and when 
empty (but including radiator water and fixed instru- 
ments and equipment) 15,874 lbs. The useful load avail- 
able for crew, supplies and fuel is, therefore, 12,126 lbs. 
or over 43 per cent. This useful load may be put into 
fuel, freight, etc., in any proportion desired. For an 
endurance flight there would he food, water, signal lights, 
spare parts, and miscellaneous equipment (524 lbs.), oil 
(750 lbs.), and gasoline (ii650 lbs.). This should suf- 
fice for a flight of 1400 sea miles. The radio outfit is of 
sufficient power to communicate with ships 200 miles away. 
The radio telephone would be used to talk to other planes 
in the formation or within 25 miles. 

The principal dimensions of all the NC Machines are 
as follows: 

General Dimensions 



Span, upper plane 136 ft. in. 

Span, lower plane 9* ft. In. 

Chord 13 ft in. 

Gap, maximum 13 ft. 6 in. 

Gap, minimum 13 ft. In. 

Length overall 6fl ft. 3i/ 2 In. 

Height overall 2* ft. 5% in. 



Areas 

Sq.ft. 

Main planes (including ailerons) 3,380 

Ailerons 265 

Stabilisers 268 

Rudders 69 

Elevators 40 

Fins 79 



Angles 



Engines to hull . . . 
Stabilizer to hull . 
Dihedral, upper . . . 
Dihedral, lower . . . 



Weights 

faund* 

Machine emply 15,874 

Fullv loaded 38,000 

Useful load 12,136 

Weight per b.h.p 1 7.5 

Tank Capacities 



Oil . 



160 



Performance 

Knoli 

Speed range for 38,000 lbs 74-38 

Speed range for 34,000 lbs 84-M 

Main Planes 

Considerable research and experiment was necessary to 
determine the best disposition of material to adopt for 
wings of this sixe. The R. A. F. 6 curve is used. The 
structural weight of the completed wings is only ]!/• 
pounds per square foot, and they can carry a load of 11.7 
pounds. 

Wing spars are of spruce, box section. Ribs are made 
up of spruce cap strips tied by a system of vertical and 
diagonal strips of spruce. 

Each rib weighs but 86 ounces. On teat they were 
required to carry a proof sand load of 450 pounds for 
24 hours without showing signs of weakness. 

The leading edges of main planes are hinged to permit 
accessibility to the aileron control cables, which run con- 
cealed in the wing. 

Interplane struts are of unusual construction. They 
are of box section spruce, faired off to a streamline shape 
by stiff fibre. To reduce any tendency of the struts to 
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The transatlantic Cruiser NC--3, equipped with * Liberty motors 



bow under load, the middle points are connected by steel 
cable. 

The metal fittings where struts and wires are fastened 
to the wings presented a serious problem. The forces to 
be taken care of were so large that it was necessary to 
abandon the usual methods of the aeroplane builder and 
adopt those of the bridge designer. All forces acting at 
a joint pass through a common center. In this case, as 
in a pin bridge, the forces are all applied to a large hol- 
low bolt at the center of the wing beam. In the design 
of the metal fittings to reduce the amount of metal needed, 
it was decided to employ a special alloy steel of 150,000 
lbs. per square inch tensile strength. To increase bear 
ing areas, bolts and pins are made of large diameter but 
hollow. 

The upper plane is in three sections; center section 25 
ft. 6 Vi> >n. in span. Lower plane in four sections ; inner 
sections of the lower wing are built into hull. There is 
a clearance of *4 inch between outer and inner plane sec- 
Outer lower sections have a 3° dihedral; elsewhere 
plane sections are in flat span. 

Ends of struts supporting middle engines are centered 
50% inches apart. Between these struts the middle en- 
gines are located 6 ft. 10 3/16 in. above the center line 
of the front wing beam. The center line of the top front 
wing beam is located 6 ft. 7 15/16 in. above center line of 
nacelle. 

The outer engine nacelles are centered 10 ft. 6 11/16 in. 
from the middle of the machine, and 5 ft. 5 1/16 in. above 
the top of the front wing beam. 

The center engines are located 2 ft. in. higher than 
the outer engines. 

The span of the upper plane not including the aileron 
extensions is 114 ft. Ailerons on the upper plane are 36 



ft. long. Chord 43 in. At the balanced portion the 
chord is 6 ft. 1 in. Balanced portion extends 6 ft. beyond 
the end of upper rear main wing beam. Ends of ailerons 
project 15 ft. beyond lower plane. 

Chord of main planes 12 ft Forward main wing beam 
centered 16% '"■ from leading edge; beams center 84 in. 
apart; trailing edge 43% m - from center of rear beam. 

Hull 

The hull or boat proper is 44 ft. 8% in. long by 10 feet 
beam. The bottom is a double plank Vee with a single 
step, somewhat similar in form to the standard Navy 
pontoon for smaller seaplanes. Five bulkheads divide the 
hull into six watertight compartments, with watertight 
doors in a wing passage for access. The forward com- 
partment has a cockpit for the lookout and navigator. In 
the next compartment are seated side by side the principal 
pilot, or aviator, and his assistant. Next comes a com- 
partment for the members of the crew off* watch to rest 
or sleep. After this are two compartments containing the 
gasoline tanks (where a mechanician is in attendance) 
and finally a space for the radio man and his apparatus. 
The minimum crew consists of five men, but normally a 
relief crew could be carried in addition. 

The hull is designed to have an easy flaring bow so that 
it can be driven through a seaway to get up the speed 
necessary to take the air and a strong Vee bottom to 
cushion the shock of landing on the water. 

The combination of great strength to stand rough water 
with the light weight required was a delicate compromise, 
and it is believed that a remarkable result has been ob- 
tained in this design. The bare hull, as completed by 
the yacht builder and ready for installation of equipment, 
weighs only 2800 lbs., yet the displacement is 28,000 lbs., 
or one-tenth of a pound of boat per pound of displace- 
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The SC--2, transatlantic type seaplane, powered by four Liberty motors 



mcnt. This lightness of construction was attained by a 
careful selection and distribution of materials. 

The keel is of Sitka spruce, as is the planking. Longi- 
tudinal strength is given by two girders of spruce braced 
with steel wire. To insure water-tightness and yet keep 
the planking thin, there is a layer of muslin set in marine 
glue between the two piles of planking. 

The Hull is 44 ft. 8% in. in overall length. Step is 
located 27 ft. 8% in. from the bow. The stem rises in 
a straight line from the step in a total height of 41 V. in. 
The hull has a maximum depth of 7 ft. 5% in., and a 
maximum width of 10 ft. The leading edge of upper 
main plane is located 18 ft. 3 in. from the bow. 

Tail Group 

The biplane tail is carried on three hollow spruce out- 
riggers. Front beam of upper horizontal stabilizer is 30 
ft. 1 1 x /\ in. from trailing edge of main plane. Gap be- 
tween tail planes, ft. 3 in. The single lower outrigger 
from the hull to the lower stabiliser is attached to the 
stabilizer at a point 10 ft. 11 in. above the lowest point 
of the hull. 

Span of upper elevator, 37 ft. 1 1 in. The lower sta- 
bilizer is 38 ft. in span. Ends of upper elevator project 
5 ft. 11 % in. beyond the lower stabilizer. The balanced 
portion of the elevators is 6 ft. 3 in. in width. 

The upper stabilizer is 31 ft. in span. Lower stabilizer 
10 ft. in span. Chord of both stabilizers 5 ft. 6 in, 

Vertical fins between stabilizer planes are located at 
ends of lower stabilizer. From these fins, rudders are 
hinged, interconnected to balanced rudder situated at the 
middle of tail plane. 

The tail planes have a positive incidence angle of 2°. 

Controls 
The steering and control in the air are arranged in 
principle exactly as in a small aeroplane, but it was not 
an easy problem to arrange that this 14-ton boat could 
be handled with ease by one man. To obtain easy opera- 
tion, each control surface was balanced in accordance with 
experiments made in a wind tunnel on a scale model. The 



operating cables were run through ball bearing pulleys, 
and all avoidable friction eliminated. Finally, the entire 
craft was so balanced that the center of gravity of all 
weights came at the resultant center of lift of all lifting 
surfaces and at the tail surfaces so adjusted that the ma- 
chine would be inherently stable in flight. As a result, 
the boat will fly herself and will continue on her course 
without the constant attention of the pilot. When he 
wishes to change course, however, a slight movement of 
the controls is sufficient to swing the boat promptly. 
There is provision, however, for an assistant to the pilot 
to relieve him in rough air if he becomes fatigued or 
wishes to leave his post to move about the boat. 

Engines 

The four Liberty engines which drive the boat are 
mounted between the wings. At 1*00 brake h.p. per engine, 
the maximum power is 1600 h.p., or with the full load 
of 28,000 pounds, 17.5 pounds carried per h.p. One en- 
gine is mounted with a tractor propeller on' each side of 
the center line, and on the center line the two remaining 
engines are mounted in tandem, or one behind the other. 
The front engine has a tractor propeller and the rear 
engine a pusher propeller. This arrangement of engines 
is novel and has the advantage of concentrating weights 
near the center of the boat so that it can be manoeuvred 
more easily in the air. 

A feature that is new in this boat is the use of welded 
aluminum tanks for gasoline. There are nine 200-gallon 
tanks made of sheet aluminum with welded seams. Each 
tank weighs but 70 lbs., or .35 lb. per gallon of contents, 
about one-half the weight of the usual sheet steel or copper 
tank. 

The face of the radiator for outer engines is 15 ft. 2% 
in. from the bow. The face of the radiator for the for- 
ward middle engine is 19 in. back of the face of other 
radiators. The center line of central nacelle is 6 ft. 
5 1/16 in. above the deck of the hull. Above outer inter- 
plane strut the center line of front wing beam is located 
IS in. above the deck of the hull. 
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Th; Type CA-l Caproni Bombing Triplane, capnbk- of carrying a useful load of fi,600 His. 

The Caproni Bombing Triplane Type CA-4 

Tlie Caproni triplane represents a type designed and three different types of motors. At first three Isuttu 

built by the famous Italian constructor since 191.?. Tins Fraschini 8-eylinder (vertical) 240/250 h.p. engines were 

machine was created at that time for the night bombing used; it was later equipped with three Fiat A/I2-Bis 6- 

of important military and naval bases, railroad stations cylinder (vertical) engines, and finally three Liberty- 12 

and war plants. engines, Navy type (low compression) were adopted. 

There are three motors, distributed on the two fuse- With an aggregated useful military load of 6600 lbs. 

lages and on the central nacelle. The central motor is the performance of this triplane, equipped with Liberty 

for a pusher propeller, while the two lateral motors have engines, have been, especially in climbing, considerably 

each a tractor. Both tractors turn in the same direction. better than those obtained with the other two types of 

Fuselages and nacelle are attached to the spars of the motors. In the official tests, at full load and fully armed, 

middle wing. The center wing section, lower plane, holds a speed of 98 m.p.b., registered at 6560 feet, was reached. 

the bomb rack. This bomb-dropping apparatus was also The average rates of climbing attained with Liberty mo- 

devised by Engineer Caproni. tors at full military loads were: 

Normally the crew of the machine consists of two pi- 3>3fl o f^, m 6 minutes 

lots, seated side by side, as it is usual with the Caproni G,560 fret in It minutes 

bombing planes, a gunner in the front nacelle cock-pit, 10,000 feet in 25 minutes 

who operates a 1 Mi-Inch gun and two Fiat machine guns, TIle cc jli ng j s a t about 16,000 feet. 

coupled on the same mount. The front gunner also oper- T]le tota i W( . ig i lt f the machine, empty, is 11,100 lbs. 

ates a searchlight of the Sautter-Harle type. The rear Wjt |, („(] military load the machine weighs 17,700 lbs. 

defence is entrusted to two gunners, each of whom is With a complete fuel load of 550 gallons, the bomb 

seated in one of the fuselages; they also handle Fiat ma- Tai ^ ■„ au ppoaed to be loaded with 3500 lbs. of bombs, 

chine guns coupled on the same mount. but poetically in almost all bombing raids the load of 

Each of the five men can move from one part of the bombs exceeded 3000 lbs. 

machine to another. Between the central nacelle and the T)le following j a a table of the general specifications, 
fuselages on the middle wing a passage covered with 

veneer wood is installed for this purpose. General Dimensions 

The bomb sight and the five bandies controlling the °"™|| « ln * ■P™ al tr , ailin S <«*«*>  ; wft 6in 

, , , , , . ... . , . , , Overall height to top of aileron, lever in normal 

bomb rack are operated by the pilot on the right-hand position SO ft Sin 

seat. Overall length 4i> ft. 11 in. 

The CA-l triplane has been successively equipped with Chord 6 ft 11% in. 
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A Capronl S-motored Biplane in flight. The central pusher propeller, and the tail construction can readily be seen. Span, 76 
ft. 9 in. Chord, 9 ft. Gap, 8 ft 9 in. Over-all height, 14 ft. 9 In. Over-all length, 40 ft. 9 in. Engines, 3 Liberty 400 h.p. 

Gap 'ft. i3'/ 2 to. Main Planet 

Gap -=- Chord 1.004 £ac|l q{ ^ threc p]anes fa buU| . up ^ seyen wing gC( ^ 

Areas tions. The corresponding sections in upper, middle and 

Each lower wings are equal in length. The wing spars are of 

T"7n (T°7m ho * beam 8ection - The ribs > double 'I 1 * 8 and hox riba are 

Upper, middle and tower center section Sail's 1U.M0 in white-wood and ash (cap-strip). Between rib and rib 

Upper, middle and lower inner Intermediate the wing spars are wrapped with strong linen. The con- 
section 91.589 549.534 nection between the two subsequent sections is obtained 

Upper, middle and lower outer intermediate w j t h the male and female box-fitting system. 

section ...... .. 91.589 549.434 The chord is, for the entire length of the wings, 6 ft. 

Upper, middle and lower outer section 130.383 181.693 > ., , ... .. 

Aileron area 37.810 936.863 1 1 A ,n - The covering is of linen, nailed on the rib cap- 

strips and on the leading and trailing edges. On the 

Total area 2,839.863 linen, above and below the wing, maple batten strips are 

Rudder 26 " 943 j™** screwed in correspondence to the ribs. 

?," Ier 81614 ^" or '' le interplane struts, ash, spruce and seamless steel 

tubes are used. Some of the struts have adjustable ends. 

Detailed Dimensions The bracing is, as usual, with steel cables and wires. 
Upper, middle and lower center section length. . 5 ft. 6%« in. Gasoline System 

Upper, middle and lower Inner intermediate 

section length 13ft. l% 6 ln. The gasoline is supplied by three tanks disposed; two, 

Upper, middle and lower outer Intermediate sec- one in each of the fuselages and one in the nacelle. Three 

Hon length 13 ft. l'/^o ' n - wind-driven centrifugal pumps pump the gasoline from 

Upper, middle and lower outer section length. l«fL S^in. ^ ^^ ^ g central distributori and {rom Mg to the 

Aileron i )9 ( t ti:u_j n , carburetors of the three motors. The pilots have close 

Stabiliser length 34ft. H^in. at hand the devices necessary for the regulation of the 

Stabiliser breadth 3ft. l^jin. gasoline pressure. For the testing of the motors on the 

Elevator length { 36 ft 2U4 Tn g round two smaI1 g rav 'ty tanks are provided ; these are 

Elevator breadth .\ 1 ft ' \% in. ' excluded from the circuit while the machine is in flight. 

Front strut height (average) 7 ft 3^ in. Each of the three tanks is divided in three compartments, 

Rear strut height (average) 7 ft. fH)£ 2 In. and at the bottom of each of said compartments a check 

valve is applied, this valve working so as to avoid that 

" n 6 les in the event one of the compartments is shelled the gaso- 

Lower wing chord 8 deg. 50 min. line in t [ |e un d a maged compartments should leak through 

Statiiliier chord — minimum 3 deg. ,. .  . . . ,. * . 

Sliblltar cho,d-m.xl m »n, S dc|. the hole b °" ,d '" the *""'&& »«■ 

Motor inclination ..-..'. 9deg. Chassis 

Sweepback ' '".^/.V//.'.'.'. .....'......'.'..'.. ...'.'..'. Odeg! The landing gear is of a special Caproni design and 

Dihedral deg. very robust. The two M -struts are of laminated ash and 
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A Caproni hydroaeroplane equipped with three Fiat motors of 300 h.p. each. 



spruce, wrapped 
carries on each 



th strong canvas fabric. The chassis 
e one front and one rear axle; these 
axles are attached to the chassis by means of shock ab- 
sorber rubber cord and rods fastened at the other end in 
a universal joint, so as to absorb whatever oscillation the 
machine may make in taxing or landing. Each of the 
front axles carries two double wheels, one on each side 
of the M -strut. The chassis is braced in the usual man- 
ner with double steel cables. 

Nacelle 

The nacelle is perfectly streamlined (dirigible form). 
Two main longerons with compression steel tube struts 
between them and diagonal steel brace wire and cables 
form the frame on which a set of ribs of appropriate de- 
sign are fastened. The outer edge of the ribs determine 
the shape of the nacelle. Birch veneer and walnut are 
employed in the construction of these ribs, said construc- 
tion being of a manner similar to that employed for similar 
elements of flying-boats. The front of the nacelle, upper 
part, is formed by a cowling made of plywood with in- 
terposed layers of fabric. 

The two pilots are seated back of the front gunner. 
Behind, they have a gasoline tank, and before them a large 
dashboard for the instruments, while between them they 



have a board for the controls (gas, spark and altitude ad- 
justage) for the three engines. The gasoline system is 
controlled by various cocks and a special distributor, all 
disposed in such a manner as to render them easily acces- 
sible to either of pilots. In the rear of the gas tank, 
which is of the same circular section that the nacelle has 
in that tract, there is a short path that allows the mechanic 
free access to the rear motor. The engine bed is con- 
veniently braced with adjustable steel tubes and steel 
braces. The rear part of the nacelle around the engine 
is also cowled. For the remaining parts linen and veneer 
are used. 

Fuselage i 
The fuselages are flat-sided and of the usual construc- 
tion with four ash longerons, and between them compres- 
sion struts, steel cables and wire bracing. All the fittings, 
to which the diagonals are fastened, can be manufactured 
with the same set of dies. They are extremely simple 
and light in weight, without welding or bracing, and are 
attached without drilling the longerons. The front end 
of the fuselage around the motor is aluminum cowled. A 
gas tank is placed in the rear of the motor, and an oil 
tank under it. At a short distance from the trailing edge 
of the middle wing a seat for the rear gunner, with the 



The American-made Caproni, equipped with three Liberty motors. 
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A Caproni. hydroaeroplane equipped with three Fiat A.-13 motors rated at 300 h.p. each. The Caproni Biplane has also been suc- 
cessfully used in naval work. For this purpose twin pontoons have been fitted to the lower plane, with suitable attaching braces. 



usual arrangement for machine guns and ammunition, is 
installed. From the height of the gunner's seat to the' 
rear end the fuselages are linen covered. A Pensuti tail 
skid with shock absorber is at the end of each fuselage. 

Control Surfaces 

As on all Caproni bombing planes, the stabilizer, ele- 
vator, rudders and ailerons are of steel tubes. The tail 
surfaces are very ample, as can be observed from the di- 
mensions given. The stabiliser is solidly braced to the 
fuselage by means of cables and steel tube struts. It 
bears the three characteristic vertical rudders. The ailer- 
ons are six in number, one at each of the ends of the three 
wings. 

As also on the other Caproni bombers, dual control is 
fitted so that the plane can be controlled by either pilot at 
will. The control system for ailerons and elevator is a 
combination of the wheel and stick method; the vertical 
rudders are controlled by a foot bar of the usual type. 

For emergency use, the pilot on the left also operates 
a hand pump, sufficient to feed the three motors by pump- 
ing from the central tank. Each motor has its own oil 
tank and a small radiator for the cooling of the oil. 

The lateral motors have a nose radiator, fastened on 
the same beams forming the engine bed. The central mo- 
tor has two radiators, high, narrow and streamlined, eacli 
placed at the two rear intcrplane struts between the cen- 
ter wing sections, middle and upper plane. All the ra- 
diators are of the honeycomb type, and equipped with 
shutters. 



Lighting and Heating 

The lighting systems for navigation, signalling and 

landing, and the heating system for the crew are fed by 

a wind-driven generator of one kilowatt, combined with a 

large storage battery. 

Instrument* 
The instruments are all set in a large dashboard in 
front of the pilots. Besides the usual standard instru- 
ments for navigation, motor and radiator control, each 
pilot has a Pensuti Air Speed Indicator. Some machines 
are also equipped with an Absolute Speed Indicator. 




Left — One of the two tail skids. The skid itself is of ash, 

wrapped .with linen and shod with a metal shoe. 

Right — One .of the. two landing chassis units, composed of 

four whirls with double rims and double tires. 



MULTI-MOTORED AEROPLANES 



The H-16-A Flying Boat taking off. It Is equipped with two Liberty Motors of 330 rated h.p. each, driving tractor pro- 
pellers. The hull has a An and two steps. This type of boat was much used for patrol duty. 



Curtiff H-16-A Flying Boat 



The H-I6-A is a twin-engined seaplane with a flying- 
boat hull, using tractor propellers. The pilot and ob- 
server are seated in a cockpit about half-way between the 
bow and the wings, where they have an excellent view. 
The H-|6 is also fitted with a gunner's cockpit the same 
as the HS-2. In addition, a wireless operator is carried 
inside the hull just forward of the wings and back of the 
pilots. Abaft the wings an additional gun ring is fitted 
covering the arc of fire above and between the wings and 
the tail controls and to take care of the region to the rear 
and below the tail controls; gun mounts are also fitted, 
.swinging on brackets through side doors in the hull. The 
bomb gear is operated from the forward gunner's cockpit 
and four bombs were carried, two under either wing. This 
type of boat proved very serviceable. 

General Dimensions 

Wing Span — Upper Plane 96 ft. 6% In. 

Wing Span — Lower Plane 68 ft. 11% In. 

Depth of Wing Chord B+*%| In- 

Hup between Wings 96% a in. 

Stagger None 

length of Machine overall 46 ft. 11%) In. 

Height of Machine overall IT ft. 8% in. 

Angle of Incidence 4 degrees 

Dihedral Angle 1 degree 

Sweepback None 

Wing Curv? R. A. F. No. 6 

Horizontal Stabilizer — Angle of Incidence ... 2 degrees pos. 

Wings — Upper (without Ailerons) 616.2 sq. ft. 

Wings — Ltwer 4+3.1 sq. ft. 

Ailerons 131 sq. ft. 

Horizontal Stabilizer 108 sq. ft. 

Vertical Stiblllser 31.1 sq. ft. 

Elevators 38.4 sq. ft. 

Rudder 97.9 sq. ft. 

Non-Skids 24 sq. ft. 

Total Supporting Surface 1,190.3 sq. ft. 



Loading (weight carried per sq. ft. of support- 8.54 lbs. 

ing surface) 

Loading (per R. H. P.) 15.42 lbs. 

Weights 

Net Weight — Machine Empty 6,956 lbs. 

Gross Weight — Machine anil hmil 10,172 lbs. 

Useful Load 3,236* lbs. 

Fuel and oil 1,527 lbs. 

Crew 660 lbs. " 

Useful load 1,029 lbs. 

Total 3,316 lbs. 

Performance 

Speed — Minimum — Horizontal Flight 95 miles per hour 
Speed — Minimum — Horizontal Flight 55 mites per hour 
Climbing Speed 4,000 feet In 10 minute* 

Motors 

9 Liberty — 12 cylinder, Vee, Four-Stroke Cycle Water cooled 

Horse Power (each motor 330) 660 

Weight per rated Horse Power 2.55 

Bore and Stroke 5x7 In. 

Fuel Consumption per hour (lioth motors) 625 gals. 

Fuel Tank Capacity SOU gals. 

Oil Capacity Provided 10 gals. 

Fiiel Consumption per Brake Horse Power per 0.57 lbs. 

Hour 

Oil Consumption per Brake Horse Power per 0.03 lbs. 

Hour ' 

Propeller 

Material Wood 

Diameter, according to requirements of performance. 
Pitch, according to requirements of performance, 

Maximum Range 
At economic speed, about 675 miles. 
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The F-5-L Navy Flying Boat, equipped with two Liberty motors. It carries a crew of 4 men, and has a cruising radius of 
from Ri/ 3 to 10% hours. Throughout, the various parts are so designed that efficient production methods can be used in its 
manufacture. 



F-5-L Navy Flying Boat 



The F-5-L Flying Boat is a twin-motored tractor bi- 
plane, having a total flying weight of nearly 7 tons, a 
cruising radius of I0y 2 hours as a fighter, or &Y> hours 
as a bomber. It carries a military load of over 1400 lbs., 
with a crew of four men. It is so designed that it may 
be quickly and efficiently built. 

The F-5-I, is a somewhat larger machine than either 
the H-12 or the H-16 and is capable of carrying a greater 
useful load. 

Fundamentally the plane is similar to our American 
Cur tin flying boats — particularly the H-16 model. But 
in size and details it is quite different, being larger and 
better fitted to emergency production. For example, with 
few exceptions the fittings are soft sheet steel, cut from 
flat patterns and bent to shape. 

This obviated the necessity of dies and drop forgings, 
which are particularly difficult to obtain under war condi- 
tions. The struts, likewise, are uniform sections, that is, 
not tapered, so that they can be shaped with a minimum 
of hand labor. Throughout, the parts are such that du- 
plication is easy, production methods possible, and read- 
ily available equipment suitable. 

The specifications herewith will give some idea of the 
size and capacity of this seaplane. It will be noted that 
the lift per square foot of surface is from 9.3 to 9.5 lbs. 
per square foot and is somewhat greater than land prac- 

The F-5-L is the latest development of the boat type 
seaplane, having the tail surfaces carried on the fuselage 
construction and the fuselage entering into the hull of 



the boat. The Curtiss boat seaplane may be considered 
a forerunner of this type. The characteristics are a fuse- 
lage similar to that of a land machine, planked in to form 
a boat body and having planes or steps similar to a hydro- 
plane at the forward end. 

SPECIFICATIONS OF NAVY F-5-L FLYING BOAT 

Overall upper wing (Including ailerons) 103 ft. 9% in. 

Overall lower wing 74 ft. 4 In. 

Overall length of boat 49 ft. 3i^ in. 

Overall height of boat 18 ft. 9% in, 

Wing chord <H-12 curve) B ft. 

Gap between upper and lower panels C. L. beams. 8 ft. 10% In. 

Angle of incidence of wings plus 3 deg. 40 mln. 

Dihedral of wing 1 1/, deg. 

Stagger of wings None 

Angle of incidence horizontal stab, plus 2% deg. 

Engine sect, panel 108 sq. ft. 

In term, and upper outer panels (311 sq. ft. each) 622 sq. ft. 

Ailerons (59 sq. ft. each) 118 sq. ft. 

Sidewalks (33 sq. ft. each) 66 sq. ft. 

Lower wings (240 sq. ft. each) 480 sq. ft. 

Non-skid planes (15 sq. ft. each) 30 sq. ft. 

Horizontal stabiliser ill sq. ft. 

Vertical stabiliser 35 sq. ft. 

Elevators (28 sq. ft. each) 56 sq. ft. 

Rudder 33 sq. ft. 

Total lift surfaces ( including ailerons) 1.39+ sq. ft. 

Hull length 45 ft. 3iy ln in. 

Hull width 10 ft 

Hull height 6 ft. 1 % In. 

Pontoon length 7 ft. 

Pontoon width 30 In. 

Pontoon height 35% in. 

Power plant 2 Liberty Motors 

Propellers (subject to change), 2-bIade...lO'/j ft. 6'/ t ft. pitch 




Rear view of the F-5-L flying boat in flight. 
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Streamline of Boat Noteworthy 

The most noticeable feature in the F-5-L is the degree 
to which the hull or boat has been streamlined. The hull 
cover sweeps aft, broken only by the cockpit openings. 
From an aerodynamic standpoint this is more efficient than 
the construction of the H-16, where a raised cabin is used. 

On this model, as on the H-16, the fin edges are con- 
tinued aft and join into the lower longeron, giving a 
much stronger structure and better streamline form. An- 
other feature in the hull construction that is noteworthy 
is the use of veneer instead of linen doped and painted on 
the after hull sides. It was found in practice that the 
linen failed in heavy seas or on a bad landing, but this 
failure was obviated by the use of veneer. 

With few exceptions, all large seaplanes have been pre- 
viouslv built with unbalanced control surfaces. However, 
on the F-5-L both the ailerons and rudder are balanced. 
The purpose is, of course, to increase the controllability 
of the unit, and in the case of the aileron control the re- 
sult is as anticipated. 

Differing from the usual control surface balance con- 
struction, the balance on these ailerons is cambered so 
that it has a positive lift. By this construction the ailer- 
ons tend to be more sensitive in their action and to operate 
with less difficulty and with less balance surface. 

The planing action is increased by the use of vents ex- 
tending through the hull aft of the rear steps, similar to 
the vents that are used on the pontoons of the R-6 Cur- 
tiss model. It was stated that the hull swept aft in a 
perfect streamline, and the cabin top over the pilot's cock- 
pit was eliminated. However, a certain amount of pro- 
tection is afforded the pilot by small adjustable wind- 
shields. 

The whole la von t of the machine is such that the du- 
ties of the crew may be most readily carried out. The 
observer's cockpit is in the nose of the machine and from 
it the widest range of vision is possible. At the bow is 
mounted the bomb sight and adjacent to it are the bomb 
release pulls, ammunition racks, signal pistols, binoculars, 
etc. A machine gun turret is mounted on the scarf-ring 
of the forward cockpit, so that the observer may aid in re- 
pelling aircraft attacks or, if necessary, sweep the deck 
of the submarine with machine gun fire. 

The pilot's cockpit is just aft the observer's cockpit, 
and may be readily reached from it when the machine is 
in flight. The pilots are seated on comfortable seats, 
hinged on a bulkhead and attached to a transverse tube 
by means of a snap catch that may be instantly released. 
This permits the observer to pass aft at will without dis- 
turbing the pilot. 

A wheel control of the dual type is used. It comprises 
a laminated ash yoke on which are mounted the two aileron 
wheels connected by an endless chain. An instrument 
board containing tachometers, altimeters, air speed indi- 
cator, oil pressure indicators, inclinometer, and pilot- 
directing bomb sight is mounted directly in front of the 
pilot. 

On the starboard side of the hull are the individual 
engine switches, ammeters and emergency switches, to- 



gether with the circuit breakers. The two compasses are 
mounted at some distance apart, so that they cannot inter- 
fere with each other. One is on the deck and the other 
on the floor. All instruments are self-luminous, but in- 
strument board lights are provided. 

The spark controls are at the starboard side of the star- 
board pilot's seat, but the throttle controls are between 
the two pilots, so that either may operate them. Fire 
extinguishers are placed conveniently at each station, 
those in the pilot's cockpit being attached to the bulk- 
head beneath the seat. 

The wireless operator's station is on the starboard 
side just aft the pilots. The equipment is mounted on a 
small veneer table, and used in conjunction with a tele- 
scopic mast that is carried in the stern. A celluloid win- 
dow in the hull side provides necessary light. 

Mechanics Stationed Amidship 

The mechanics' station is amidships by the gasoline 
tanks and pumps, and their main duty is to see that the 
plane is " trimmed " by pumping gasoline from the tanks 
alternately; to see that the engines do not overheat, and 
that all parts function properly. The water and oil 
thermometer are mounted on the sidewalk beam adjacent 
to the mechanics' station. 

Aft the mechanics' station, or wing section, is the rear 
gunner's cockpit. Three guns are accessible from this 
station, and it also provides a good point of observation 
or position for aerial photography. 

All machines are equipped with inter-communicating 
telephones, the receivers being incorporated in the helmets 
and connection effected by terminal boxes at each station. 
It is thus possible for all members of the crew to be in 
constant communication. 

Voluminous Equipment Carried 

In addition to the equipment indicated, the following 
are some of the miscellaneous items usually carried: Tool 
kits, water buckets, range and running lights, pigeons, 
emergency rations, drinking water, medicine chest, sea 
anchor, chart board, mud anchor, anchor rope, heaving 
lines, signal lamp, binoculars, Verys pistol, ammunition, 
life jackets, and possibly electric warmers. Included 
also are the priming cans, drinking cups and usually sev- 
eral personal items. All this is exclusive of the ordnance 
equipment of bombs, machine guns, etc. 

Considering the size of the machine and the amount of 
material carried, the performance is quite remarkable. 
In fact, it compares very favorably with the performance 
of land planes having the same specifications and not 
hampered Jby the heavy boat construction. 

The time required to get the machine from the water 
varies with the wind velocity, but with a 15-mile wind 
and the plane fully loaded, from 30 to 40 sec. is required. 
The speed at take-off is about 47 knots on the air speed 
indicator, and a machine of this design has made a climb 
of 4200 ft. in 10 min. 




Design of the new four-motored 600 h.p. passenger-carrying Sikorsty biplane. 
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The Twin Liberty -Motored American Hand ley Page. A machine of this type c 

freight service. 



1 be utilized for long distance mail, passenger and 



The Handley-Page Type 0-400 Bomber 



Both in Great Britain and in the United States, the 
Handley-Page has been the principal machine to be put 
into quantity production for bombing purposes. The 
American design is similar to the British, except that Lib- 
erty " 12 " 400 h.p. engines are employed in the former, 
and the Rolls-Royce or Sunbeam in the latter. 

Accommodations are made for one pilot and two or 
three gunners, and an observer who operates the bomb- 
dropping devices. Their placing is as follows: At the 
forward end of the fuselage is the gunner who operates a 
pair of flexible Lewis machine guns. Bowden cables at 
one side of the cockpit permit the release of bombs. Be- 
hind the gunner is the pilot's cockpit from which the gun- 
ner's cockpit is reached through an opening in the bulkhead 
separating the two compartments. The pilot is seated at 
the right side of the cockpit. Beside him is the observer's 
seat, hinged so it may be raised so as to permit access. 
Bomb- releasing controls are placed on the left side of the 
observer extending to the forward gunner's compartment 
and running back to the bomb racks located in the fuselage 
just between the wings. 

Forward compartments are reached via a triangular 
door on the under side of the fuselage. 

Aft of the bomb rack compartment, the rear gunners 
are placed. Two guns are located at the top of the fusel- 
age and a third is arranged to fire through an opening in 
the under side of the fuselage. One gunner may have 
charge of all the rear guns, although usually two gunners 
man them. A platform is situated half way between upper 
and lower longerons of the fuselage, upon which the gun- 
ner stands when operating the upper guns. 

Machines of this type can be utilized for commercial 
aerial transportation, and are capable of carrying loads 
which would enable them to efficiently perform this func- 
tion. By leaving off the various military fixtures, the use- 
ful carrying capacity, for passengers or freight, will be 
greatly increased. 



General Dimensions 

Span, upper plane 100 ft. in. 

Span, lower plane , 70 ft. in. 

Chord, both planes 10 ft. in. 

Gap between planes lift. Oin. 

length over all 62 ft. 10 In. 

Height over all at overhang cabane 22 ft. in. 

Height over all at center panel 17 ft. 6 In. 

Width, wings folded 31 ft Oin. 

Areas 

Feet. 

Upper plane with ailerons 1018 

Ailerons (2) each 172 

Lower plane 630 

Total wing area with ailerons 1648 

Upper stabilizer 64 

Lower stabiliser 47.6 

Elevators (4) 63.0 

Fin 14.7 

Rudders (2) 46 

Weights, General 

Machine empty 1566 

Fuel and Oil 2496 

Bombs 3000 

Military Load 910 

Total weight loaded 14300 

Weight per square foot 8.T 

Weight per horse power 17.9- 

Summation of Weights 

Power Plant 3044 

Fuel and Oil 2496 

Passengers and miscellaneous equipment 610 

Armament 300' 

Bombing equipment 3000 

Body structure , 1210 

Tail surfaces 187 

Wing structure 2736.5 

Chassis 710 

Total 14300. 
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WEIGHT SCHEDULE 

Power Plant ^ 

Pgpnds 

Engine complete with carburetor and ignition system * : * * , • 

2x 835 == 168& ,' ,i 

Radiator 2x112= 224- ' -. 

Radiators and engine water 2 x 150 = 300 

Fuel tank empty and pipes 350 

Oil tank empty and pipes 16x2 = 39 

Exhaust manifolds 2 x 75 = 150 

Propeller and propeller hubs 2 x 60 — 120 

Cowling 2x100= 200 

Total 3044 

Fuel and Oil 

Fuel (280 gallons) 2280 

Oil (2 x 15.3 gallons 2 x 108 lbs.) 216 

Total 2496 

Passengers and Equipment 

Pilot and clothing 170 

Gunners and clothing 340 

Dashboard instruments, fire extinguisher, tools and 

maps i00 

Total 610 

Armament 

Two forward machine guns, mounting and ejection am- 
munition and sights 120 

Three rear machine guns, mounting and ejection am- 
munition and sights 180 

Total 300 

Bombing Equipment 

Bombs 2500 

Bomb releases and sights 500 

Total 3000 

Body 

Body frame 953 + 97= 1050 

Seats 60 

Front control and rear control . 100 

Total 1210 

Tail Surfaces with Bracing 

Stabilizers (no covering) 3 57.2 

Elevators (no covering) 4 34.4 

Fin (no covering) 1 6.4 

Rudder (no covering) 2 28.8 

Covering 35.4 

Struts and wires 24.4 

Total 187. 

Wing Structure 

Upper wing with fittings, aileron and fuel tank in center 

section ; lower wing with fittings 2032 

Interplane struts 235.5 

Interplane cables 261 

Nacelle supports 2 x 105 = 210 

Total 2738.5 

Chassis 

Wheels complete, 2 x 170 == 310 

Shock absorber, 4 x 50 = 200 

Miscellaneous parts, 4x30= 120 

Tail skid 50 

Total 710 



Volumes 

Bomb section, 3 ft. 5% in.x5 ft. 2 15/16 in.x4 ft 5 in. 
Rear gunner's platform (upper) 3 ft. 3y 8 in. x5 ft. 

1% in. x 4 ft. 2% in 

"Rear gunner's platform (lower) 2 ft. 4 in. x5 ft, 

1% in. x 4 ft. 2y 4 in 



Total volume 



Cu. Ft. 
80.6 

71.45 

54.2 

206.23 



Performances 

Height Speed Time of Climb 

(Feet) (Jf.P./i.) (Minutes) 

92 

5,000 90 12 

7,000 18 

10,000 85 32 

Main Planes 

Planes are not swept back and have no stagger nor 
decalage. Beyond the engine nacelles, both upper and 
lower planes have a dihedral angle -of 4 degrees. 

Wing section employed, R. A. F. No. 6. Angle of lower 
wing chord to propeller axis, 3 degrees. 

Aspect ratio of upper wing, 10; lower wing, 7. 

Planes are in nine sections. Upper plane center section 
16 ft. in. wide. Intermediate sections 22 ft. in. wide; 
overhang sections 16 ft. 10 in. wide. Beyond this, the 
ailerons project for a distance of 3 ft. 2 in. 

Lower plane in four sections ; two between fuselage and 
engine nacelles and two outer sections. 

Interplane struts spaced as follows: nacelle struts 8 ft. 
in. from center of body; intermediate struts 10 ft. in. 
from nacelle struts; outer struts 12 ft. in. from inter- 
mediate struts. Overhang rods anchored 14 ft. in. from 
outer struts. Overhang beyond bracing 6 ft. in., includ- 
ing ailerons. 

Ailerons are 20 ft. 7% in. long; 3 ft. 9 in. in chord. 
Overhang portion 3 ft. l 1 /^ in. wide. 

The accompanying drawing illustrates the manner in 
which the main planes are hinged aft of the engine na- 
celles, permitting the wings to be folded back so as to fa- 
cilitate housing in a comparatively narrow hangar. In 
folded position the measurement from leading edge of 
wing to centerline of fuselage is 15 ft. 6 in. 

For bracing between planes, oval section steel rods are 
used exclusively. Ends are formed to a solid section 
which is threaded and fitted with a trunnion barrel and 
forked terminals. 

Fuselage 

The fuselage is built up with the usual longerons and 
cross members. Bracing is with solid wires with swaged 
or forked ends. 

Total length of fuselage, 62 ft. 10^/4 in.; maximum 
width at tiie wings, 4 ft. 9 in., tapering in straight lines to 
2 ft. 11 in. wide at the stern; maximum height, 6 ft. 10 in. 
In flying position the top longerons are horizontal to the 
propeller axes; top longerons 12 ft. 3 in. above ground. 

Leading edge of planes 12 ft. 2 in. aft of fuselage nose. 

Tail Group 

The tail is of the biplane type with a gap of 6 ft. in. 
Average chord, 3 ft. 6 17/32 in. Chord, 8bove body, 5 ft. 
6 in. Span of stabilizers, 16 ft. 7V* i* 1 - 

There are two pairs of elevators 1 ft. 10 15/32 in. wide 
and 8 ft. 5i/> in. long. 
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The wing construction of the Handley-Pagc machines 



Struts from body to top tail plane spaced 2 ft. 9V4 in. 
from center to center.. From these, the outer forward 
struts and rudders are spaced 6 ft. 3% in. 

Central vertical fin, 4 ft. in. wide. 

Rudders are balanced. Width 4 ft. 10V& in. Control 
cables run to their trailing edges, and a compensating 
cable runs through the fin from the leading edge of one 
rudder to the leading edge of the other. 







IIANDLKY-PAGE 



One of the four shock ab- 
sorber units of the Handley 
Page Bomber. The stream- 
line sheet aluminum casing 
is removed to show the meth- 
od of stringing the elastic 
cord between saddles attached 
to the fixed brace and the 
sliding rods respectively. 



Landing Gear 

The landing gear comprises four 2 ft. II 7/16 in. diam- 
eter wheels with tires 7% in. wide. Wheels arranged in 
two pairs, each pair having a 4 ft. 6 in. tread, and inner 
wheels spaced 5 ft. 81/; in. from center to center. 

Axles are hinged at center. Vertical shock absorber 
mechanism enclosed in an aluminum casing. 

Tail skid is the usual swivelled pylon-mounted ash skid, 
shod with a sheet steel plate. 

Engines 

The Liberty engines are entirely enclosed in streamlined 
sheet aluminum nacelles between the planes. Propeller 
axes 10 ft. II 1/16 in. above ground when machine is in 
flying position. 



. diameter, both revolving in the 



Propellers 10 ft. 6 i 
same direction. 

Radiator faces have adjustable shutters to regulate the 
air admittance. Water capacity of radiators, 300 lbs. 

Each of the two Liberty " 12 " engines gives 400 h.p. 
at 1.625 r.p.m. Bore and stroke 5x7 inches. Fuel con- 
sumption, .55 lbs. per h.p. hour; oil, .03 lbs. per h.p. hour. 
Engine weight, 3, 044 lbs. with propeller. 

Tanks located above bomb compartment. Fuel capac- 
ity, 280 gallons; oil, 15.3 gallons. 



The transatlantic type, British make, Handley-Page biplane, powered with four Rolls-Royce motors 
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The J. V. Martin Cruising Bomber. One of the very original machines developed in this country by Captain James 
Martin for the U. S. Army. Two Liberty "12" engines, located within the fuselage, drive two four-bladed tractor sen 
by means of bevel gears. This machine has the Martin automatic wing-end ailerons, K-bar Interplane struts and other 
usual mechanical constructional features. 



The Martin Cruising Bomber 



The Martin Cruising Bomber is equipped with two en- 
gines located in the fuselage and driving two tractor pro- 
pellers by means of bevel gear transmission. Since either 
engine will drive both propellers, the failure of one of 
the engines does not impair the efficiency of the plane. 

Either two Sunbeam 300 h.p will drive the plane at 
74 m.p.h., or two Liberty 400 h.p. engines will drive 
plane at 81 m.p.h.; in either case with a two ton useful 

Fully loaded the machine can make a, speed of 1 10 miles 
an hour. The useful load is three tons not including one 
ton of fuel and oil. 

The K-bar cellule truss is used, which eliminates half 
of the cellule structural resistance due to wires transverse 
to the line of flight. 

The machine is also provided with the Martin retract- 
able landing chassis, which has been found to be strong, 
light and reliable. It eliminates 14 per cent of the struc- 
tural resistance of the Bomber. 

Mr. Martin claims that safety and dependability are 
increased because of independent transmission support, 



for the propeller breakage will not endanger cellule truss, 
and because cellule stresses are low and are more ac- 
curately calculable. 

As the engines are enclosed, resistance is no greater 
than where a single engine is used. Such placing makes 
the engines accessible for minor repairs and adjustments. 



View of the power plant of the J. V. Martin Cruising Bomber. 



A view of the Martin Blue Bird In 
flight. This small machine has the K-bar 

truss and retractable landing gear, as does 
the Martin Bomber described above. 
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The Glenn L. Martin Twin Liberty Motored Bomber. 

Glenn L. Martin Bomber 

The Martin bomber is a machine of excellent perform- non fires either shell or shot, and is a formidable weapon. 
.ancc. as shown in its official trials. An official high speed The Martin Twin is easily adaptable to the commercial 

at the ground of 118.5 m.p.h. was made on the first trials, uses that are now practical. They are: (!) mail and 

with full bombing load on board. This speed has been express carrying; (2) transportation of passengers; (S) 

bettered since, due to the better propeller efficiency arrived aerial map and survey work. 

at by expensive experiments. With full bomb load, the (1) As a mail or express machine, a ton may be carried 

climbing time to 10,000 ft. was 15 rain., and a service with comfort not only because of the ability of the machine 

ceiling of between 16,000 and 17,000 ft. was attained. to efficiently handle the load, but because generous bulk 

As a military machine, the Martin Twin is built to ful- stowage room is available, 
fill the requirements of the four following classes: (l) (2) Twelve passengers, in addition to the pilot and 

night bomber; (2) day bomber; (3) long distance photog- mechanic, can be carried for non-stop rung. up to six hun- 

raphy; (i) gun machine. dred miles. 

(1) As a night bomber it is armed with three flexible (3) The photographic machine, as developed for war 
Lewis machine guns, one mounted on the front turret, one purposes, is at once adaptabit to the aerial mapping of 
on tile rear turret, and the third inside the body, and firing what will become the main flying routes throughout the 
to the rear, below and to the sides, under the concave 

lower surface of the body. It carries 1500 pounds of General D ™«>«<»» «"* Data 

bombs and 1000 rounds of ammunition. A radio tele- L P"«" Plant 

, i j a. • . ,  j 11 Two ia-cyl. Liberty engines, 

phone set and the necessary instruments are earned on all s Wing Bnd C(intrn| Surtai . e ArMS 

four types. The fuel capacity in all four types is suffi- Main plants (total) 1070 sq. ft 

cient for one-half hour full power at the ground and six Upper planes (including ailerons 550 " 

hours' full power at 15,000 feet, and enough more for I -ower planes (including ailerons) 530 

about six hundred miles. *" erons <™! h > ** I 

No. of ailerons 4 

(2) As a day bomber two more Lewis guns are carried, Vertical Fins (each) 8.8 " 

one more on each turret. The bomb capacity is cut to No. of fins 2 " 

1OO0 lbs. to give the higher ceiling necessary for day Stabiliser 61.26 " 

work. ' Elevator ««J0 - 

(S) When equipped as a photography machine, the So\ at rudters ...... ...... .. '. 2 * 

same number of guns as in the case of the day bomber are 3. Overall Dimensions 

carried; but in place of the bombs two cameras are Span, upper and lower Tift. 5 In. 

mounted in the rear gunner's cockpit. One camera is a Chord, upper and lower 7 " 10 " 

short focal length semi-automatic, and the other is a long , P , ' ™ 

, ., ., , B , ... B Length overall 46 " 

focal length hand-operated type. IfcifM mnM 14 " 7 " 

( I) The gun machine is equipped for the purpose of Incidence of wings with propeller axis 2 

breaking Up enemy formations. In addition to the five Dihedral None 

machine guns and their ammunition as carried on the Sweep hack None 

photographic m«hine, « ami-flexible 37 ... c.nnon i, °'™'"«' '"'"?"> -.V,.''; V '', "-T. 

r , , , - , Stabiliser, setting with wing chord -=-1° 

mounted in the front gun cockpit, firing forward, and with adjustable between 5° 

a fairly wide range in elevation and azimuth. This can- normal setting — 2 s 
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country. The accuracy that is being obtained in aerial 
photography should be of vast value in surveying and 
topographical map work. 

Wing Structure 

The wing truss is conventional outside of each of the 
engines. From one engine through the body to the other 
engine, the truss system is a very rigid but light one of 
streamlined steel tube tension and compression members. 
These members are arranged primarily with three objects 
in view, that is: (l) Ease of removal of the engines. 
(2) Rigidity throughout the landing and power system. 
(8) Simplicity and hence low weight and resistance. 

The wing spars are of the conventional spruce eye- 
beam type. Interplane wood struts are two-part and 
hollow, and they are pin connected to the wing fittings. 
The wing ribs are of a novel type, developed through very 
extensive experiments on all types. They weigh, each, 
eleven ounces and have a minimum factor of safety of 
eight. Scrap spruce is employed in their manufacture, 
and by the use of a clever jig, speed and accuracy in their 
assembly make it a fine production job. 

The wing fittings completely surround the beam in every 
case, and are designed from every minute consideration to 
give a factor of safety in excess of six. Double flying 
cables and single landing and incidence cables are used 
throughout. No turnbuckles are employed. A right and 
a left-hand threaded eye-bolt made into the cable by the 
conventional warp method, engage similarly threaded 
clevises, pinned to the fitting ears. Streamline wires are 
interchangeable with the cables in this system. 

Swaged tie rods are used throughout for the internal 
wing bracing. Pin joint connections tie the lower wings 
to the body, and are also used at all panel connections. 

A minimum factor of safety of six is secured throughout 
the wing truss for the heaviest loaded conditions. 

The body in many respects is the most interesting part 
of the airplane. At the nose is the cockpit for the front 
gunner, mounting at its edge the scarfed gun mount. The 
front gunner has access to a passageway through which he 
can go aft to handle the rear lower gun, or sit beside the 
pilot on a folding seat. The pilot is placed on the right- 
hand side of the body and well up so that his range of 
vision is the best possible. 

He is provided with a wheel type control and has a 



splendid view of the instrument board. At his right and 
under his seat is the hand wheel which operates the adjust- 
able stabilizer. Behind the pilot are the three main gaso- 
line tanks. 

The passageway and firing platform for the rear lower 
gun terminates at the rear wing beam station. Here, on a 
special mount, is the lower gun, which commands a large 
field of fire horizontally to the rear, below, and to both 
sides. This gun is operated from a prone position by 
either the front gunner, rear gunner, or a third man, if 
four are carried. 

The tunneling of the bottom of the body to permit the 
mounting of the lower gun has introduced difficulties in 
trussing which have satisfactorily been solved in a simple 
and light manner. The lower transverse strut and cross 
of transverse bracing wires usually found at each trans- 
verse section in the truss type body are replaced by two 
steel tubing struts. 

The ends of these struts are threaded right and left- 
handed, and engage similarly threaded forked ends which 
pin to the body fittings. By this means the transverse 
sections are squared up. 

In all other features the body is a combination of two 
standard types: the wire and strut truss, and the veneer 
plated wood truss. Three-ply birch or mahogany veneer 
is used on the body sides, at the nose and tail, and in the 
bulkheads employed in the body. Swaged tie rods and 
threaded clevises are employed throughout for truss ten- 
sion members. The longerons aft of the rear wing beam 
station are hollowed out between fitting attachment points, 
the degree of routing increasing with the progress to the 
rear. A cheap, simple and effective steel plate longeron 
fitting is employed at the rear body panel points, while 
heat-treated chrome vanadium fittings are found at the 
main wing truss attachment points. 

The tail skid is braced entirely by the internal body 
structure at this point. It is universally pivoted and is 
sprung by sturdy elastic chords inside the body to receive 
the landing shock. 

Engine Units 

The Liberty engine is firmly mounted in a light girder 
box of veneer, resting on brackets on the four main wing 
struts. It is so secured that engine, radiator, airscrew 
and nacelle may be removed intact from the wing struc- 




1 — One of the four landing wheels showing the streamline shock absorber casing and the wheel guard to protect the 
propeller from stones and mud. 2 — One of the main ribs, showing sections through wing beam and leading edge. 3 — Fit- 
ting at ends of wing struts. 4 — Tail skid unit, with shock-absorber elastic removed. 



MULTI-MOTORED AEROPLANES 



53 



ture. A nose radiator of tubular cell construction, weigh- 
ing complete 88 lbs., is mounted in a unique and very 
satisfactory manner. Two flanged steel rings are held 
together by machine screws, and when in place wedge a 
strip of rubber firmly between them and the faces of the 
circular hole cut in the radiator for the airscrew shaft. 
The rear ring carries plates, which in turn bolt to plates 
secured at the end of the engine bearers. The whole 
weight of the radiator then is carried from its central 
hole. No part of the radiator touches any part of the 
mounting but has a cushion of rubber separating it from 
the mounting and absorbing the shock from the engine. 
Each radiator is equipped with shutters, operated at the 
will of the pilot, for the purpose of regulating the water 
temperature. An expansion tank is let in to the leading 
portion of the upper wing above each radiator, and is 
connected to it. The top of the engine is exposed. This 
aids in cooling, of course; makes the engine more acces- 
sible for working over, and permits the reduction of cowl- 
ing weight to minimum consistent with low-head resistance. 

The airscrew used is the Douglas type, and is 9 ft. 8 in. 
diameter and 6 ft. 4 in. face pitch. It is the best over- 
all blade giving a satisfactory high speed and climb at 
reasonable revolutions. 

The three controls from each engine, carburetor, igni- 
tion and altitude are positive controls, operated easily and 
conveniently by the pilot, either in pairs or singly. 

An ample supply of oil is carried in a tank situated in 
each motor nacelle. 

Undercarriage 

The undercarriage is composed of four 800 by 150 mm. 
wheels. Four sets of triangulated struts carry the load 
from the two axles to the four main structural points of 
the machine. The axles are hung on the usual rubber 
cord suspension, but have a large amount of freedom not 
only vertically, but in the other two directions. All the 
lateral forces are taken up at the center trussing under the 
body. The two outside sets of struts are free to swing 
laterally, and hence only absorb the vertical component 
of the landing shock. Simplicity with extreme low weight 
and head resistance has in this manner been secured but 
at no expense to the proper functioning and wear and tear 
resistance of the gear. The flexibility of this arrangement 
absorbs all kinds of shocks in a very satisfactory manner. 

Controls and Control Surfaces 

A single wheel and foot-bar control is provided in the 
pilot's cockpit. The interesting point about the wheel 
control is that the usual weaknesses of this type have been 
eliminated. The aileron cables pass over no drums, nor 
are they hidden within tubes where wear can be detected. 
The dangers of the chain and sprocket aileron control, 
with its ever-present tendency to jam, are not encountered 
in this type. 

The 18-in. wheel is keyed to a steel shaft which carries 
on it, within the upper gear case, an alloy steel bevel gear. 
This meshes with another gear keyed to a vertical torque 
tube, running in ball-bearings mounted inside the control 
column. At the lower end, the torque shaft carries a 
pinion which engages with a steel rack. The rack is 
guided inside the lower gear case, and has attached to it 



the dual aileron control cables. The whole unit is very 
strong, rigid and reasonably light. Proper power on the 
lateral controls is readily obtained, which in the case of 
either of the other types would involve difficulties. 

Four equal and unbalanced ailerons are carried. These 
supply the necessarily high degree of lateral controllability 
required of a machine of this type. 

The tail surfaces are of steel and wood construction. 
It is noteworthy that the stabilizer is adjustable from the 
pilot's seat. The entire tail surface structure is hinged at 
the rear stabilizer spar. The front truss system termi- 
nates in a vertical tube, mounted in bearings inside the 
body and threaded to engage a nut. Cables wound on a 
drum operated by the hand wheel at the pilot's side turn 
the nut and thus raise or lower the front of the stabilizer, 
and with it the tail surface trussing. A range in angle of 
the stabilizer of plus or minus three degrees from neutral 
gives the pilot a powerful means of balancing the airplane 
in any flying attitude or for any load distribution. 

The elevator is one piece, and, with its generous area 
and ease of operation, forms a positive control to be relied 
on in any emergency. 

Two balanced rudders, working in synchronism, permit 
the pilot to control his direction under any condition^ with 
ease. In fact, when flying with one engine dead, the 
amount of rudder movement necessary to correct the off- 
setting force of the other engine is surprisingly small. It 
leaves an ample margin of control for maneuvering under 
these conditions. 

Gasoline System 

The gasoline system has been developed to eliminate 
the many troubles usually encountered from this vital part 
of the airplane. Three sturdy tanks, mounted securely 
inside the body, contain the main supply of gasoline. Two 
gravity tanks, mounted in the upper wing one over each 
engine, each hold gasoline enough for one-half hour's 
flight. All tanks are made from tinned steel. They are 
braced securely by many internal bulkheads, all seams are 
double lap, rolled and sweated, and all rivets used are 
large headed tinned copper rivets. None of the tanks are 
subjected to any pressure when the system is in operation. 

The three main gasoline tanks drain into a combination 
distributing valve and sump operated from the pilot's com- 
partment. Any tank can be cut in or out of the line at 
will. 

Pipes from the sump lead the gas to the two air-driven 
gear pumps located below the body. Valves, controlled 
by the pilot from his seat, are provided in the pump lines. 
By means of these valves either pump may be by-passed 
on itself or allowed to feed gasoline to the carburetors. 
One pump alone is more than sufficient to feed both motors 
full on. Two are provided as a safety means. 

Leads from the pumps run out to the carburetors of 
both engines. A lead running from each of these main 
supply lines to the gravity tanks supplies them with gaso- 
line and serves to carry off the excess gasoline pumped by 
the main pump. An overflow pipe is led from each gravity 
tank to the main tanks. 

A hand-operated plunger pump is installed, and may 
be used to fill the gravity tanks or to supply the engines 
should both air-driven pumps fail. 
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Tbe Sundstedt- Hannevig Seaplane equipped with two Model "1.-6" Hall-Scott Engines. 

(Built by the Wittemann Lewis Aircraft Co., Inc.) 

The Sundstedt-Hannevig Seaplane 

The Sundstedt-Hannevig seaplane has been designed for with torpedo gray enamel. They are Si ft. in. long, 

the specific purpose of long distance flying over the sea. spaced 16 ft. in. apart from centers, and are light in 

In general, it has been designed with an extra heavy sub- weight, being 400 pounds apiece, including fittings, 

stantial construction, particularly on those parts subjected Each pontoon is equipped with an emergency food locker 

to the greatest amount of strain during flight and at land- accessible from the deck by means of a handhole. 

ings, such as pontoons, wings, and the entire rigging. The pontoons are braced to the fuselage and wings by 

In the design, however, only proved aerodynamical prin- a series of steel tubing struts with Balsa wood streamline 
ciples have been embodied, assuring a positively efficient fairing. These tubes are of large diameter and fit into 
machine, and Capt. Sundstedt has made a large number of sockets mounted on the pontoons and wing spars. The 
improvements in structural details, affording the utmost entire assembly is amply braced by steel cables and tub- 
strength and lightness of construction. ing connecting struts. 

Tile seaplane is equipped for two pilots and two pas- Fuselage 

sengers in the cabin of the fuselage. _,, , , ., .. , „ , , - .,, 

The fuselage is of streamline design, and is flat sided 

General Dimensions in order to provide sufficient vertical surface necessary for 

Span, upper plane 100 ft in. K™d directional stability. It has a curved streamline 

Span, lower plane 71 ft 6 In. bottom and hood running fore and aft. The construction 

Wing chord, lower plane 9 ft. in. is of white ash and spruce, consisting of four longerons 

Wing chord, upper plane 8 ft. in. an d ash and spruce compression struts fastened thereto 

V" P Jr t,, , ee " *!"** * «S » 2 i witl > li « ht universal steel fittings, to which are also fast- 

I-ength of machine over all 40 ft. 6 In. » „ , , » , , 

Height of machine over all 17 ft. 7 In. enea an ^ connected diagonally the solid steel brace wires 

Dihedral angle, lower plane 2° and turnbuckles. 

Wing curve U. S. A. No. 5 The front end of the fuselage is fitted up much after 

RudS e r Jf >re. ""'"" '^S *" ft' the Style ° f a cl ° Sed mat0T W > with comfortabl « U P" 

Klevator ana .".."..........'........ '.'.".*.".".'.".'." '.*.!".".!«* so. ft. bolstered seats for the pilots and passengers. This cabin 

Weight 10,000 lbs. is accessible by a door on each side at the rear end of the 

leading per h.p 33 lbs. cabin. A very complete field of vision is obtained through 

Loading per sq. ft 6 lbs. a serjes f g i aS9 w j n d 0W8 ground the front of the pilots' 

n!T$ CSt '^ ed ' !■" l ?J? Vn^n'V. V 90 in mp ; h - seats, forming a recess in the upper deck forward of the 

Climbing speed, estimated 3,000 fl. In 10 min. ' * rr 

Horsepower, total 440 windows. 

Directly behind this cabin, and balancing with the cen- 
Pontoons ter of pressure is the main gasoline tank, with a capacity 
The pontoons are of special Sundstedt design, embody- of 750 gallons, sufficient for 22 hours of full speed flying, 
ing the highest developed features of streamline and fol- and to the rearward of this is the adjustable open truss- 
low the most accepted construction practice. They are ing, with a detachable hood and covering for access and 
made of Capt. A. P. Lundin's special three-ply Balsa inspection. 

wood veneer, covered with linen, and are each divided into The forward section is covered with a thin three-ply 

eight watertight compartments, painted and varnished mahogany veneer up to the rear of the cabin doors, and 
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The Sundstedt Aerial Cruiser being assembled. It is equipped with two Hall-Scott motors. 



aft of these, it is covered with linen, doped, painted and 
varnished. 

Control 

The control system operates on the standard wheel and 
rudder bar method, and is of special Sundstedt design, 
whereby all cables are located beneath the floor, leaving a 
clean control column and rudder bar without any wires 
in the way of the passengers or pilots. Dual control is 
fitted, side by side, directly connected, so that the ma- 
chine can be controlled by either pilot at will. 

All engine controls and switches are located on the 
dashboard, operative from both seats. 

Instruments 
A substantial dashboard is fitted in front of the pilots' 
seats in a plainly visible position, and is equipped with 
tachometers for both motors, clock, altimeter, speedometer, 
radiator thermometers, oil pressure gauges, shut off valves, 
ignition switches, and so forth, which are located within 
easy reach of the pilot. 

Power Equipment 

The power plant consists of two Hall -Scott Model 
" L-6 " h.p. engines, directly connected to two bladed 
pusher propellers. Each is mounted on a specially con- 
structed bed by the Vee method of interplanc struts, with 
the engine beds, housings, and radiators all securely braced 
to the wings, pontoons and fuselage. 

Tile engines are supplied with gasoline by turbine driven 
Miller gasoline pumps which maintain a pressure of S 
lbs. in a special reservoir of the pump itself, under auto- 
matic adjustment, and eliminating all of the difficulties 
and dangers of the gravity and pressure feed systems. 
These pumps are regulated from the cabin and within easy 
reach of the pilots. 

Wings 

The wings are built up of five sections in the top plane 
and three in the lower. The center section of both the 



upper and lower planes are 18 ft. 10 in. long, and so de- 
signed that the pontoons, the power plant, and the fuse- 
lage can all be assembled completely before adding the 
remaining outer wing sections, thereby taking up a mini- 
mum amount of space in assembly during manufacture. 

The main spars are of laminated built up section, serv- 
ing to give a very high strength and exceptionally light 
construction of a combined I-beam and a box beam section. 

The upper wing lias a chord of 10 ft. in. at near 
the junction to the center section, and narrows down to 
8 ft. 6 in. at the inside of the aileron cutout. Of this, 8 
ft. in. is well constructed web form of rib, while. beyond 
this distance the cap-strips are run out with a small piece 
of spruce between, serving as a very flexible trailing edge, 
greatly increasing the stability and gliding efficiency of 
the machine. 



The underside of fuselage showing control connections oit 
the Sundstedt-Hannevig Seaplane. It is covered by an alumi- 
num cowllnfr. 
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Sundstedt-Hannevig Seaplane. This seaplane was designed for Trans- Atlantic flight It is provided with two Hall-Scutt 
engines driving pusher propellers. The cabin, accommodating four persons, contains the appointments usually found in ft limou- 
sine, including cushioned seats, electric ceiling light, glass windows, and wind shield. The instrument dashboard contains a map 



The lower plane is entirely constructed of solid ribs, 
with a chord of 8 ft. in. The wing ribs are cut out of 
a special three-ply veneer, with lipped ends, fitting closely 
into the boxes of the I-beams, and fastened in place by 
means of two cap-straps, glued, nailed and screwed to 
the webs and wing spars. 

At the points of fastening the interplane struts to the 
main spars of the wings, there is an internal steel com- 
pression tube, reinforced at the ends, bolted in place, and 
sockets fastened directly to the main spars, interbraced 
diagonally with solid steel wires fitted with turnbuckles 
for adjustment and locked, taking up all of the drift and 



other strains on the wings, and subjecting the wing ribs 
to the one purpose of lift only. 

The wing section used in the U. S. A. No. 5, which is 
especially designed for high speed and great lift, serving 
as a medium between a scout and an extra heavy lifting 
wing, and, as well, has high structural safety factors. 

The interplane struts are all made of seamless steel 
round tubing, streamlined with Balsa wood encased in 
linen, and the struts with reinforced ends are fitted into 
sockets which are bolted to the main spars of the wings 
by four nickle steel bolts straddling the wing spar to tie 
plates on the opposite side of the spar. 



The Kennedy "Giant" Aeroplane, equipped with 4 Salmson engines of 200 h.p. each. Spun, 1*2 ft.; length, 80 ft.; height, 
93 ft. 6 in.; chord, 10 ft.; gap. 10 ft; total weight, 19,000 Ihs. empty. This machine was ahandoncd in 1917, but the results ob- 
tained with it have been put to use In building another large machine. This latter aeroplane has a span of 100 ft. ; length, 55 
ft.; height, 33 ft.; estimated speed, 130-130 m.p.h.; estimated useful load, 6500 lbs. in addition to crew and fuel necessary for 
a 500-mile flight. 
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Burgess Twin-Motored Hydroaeroplane 



This machine, besides being equipped with the usual 
complement of instruments, has the Sperry gyroscopic 
stabilizer and other improved installations. 

General Dimensions 

Span, upper plane 72 ft. in. 

Span, lower plane 51 ft 9 in. 

Chord, both planes 7 ft. 7 in. 

Gap between planes 6 ft. 11 in. 

Length over all 32 ft. 5 in. 

Height over all 13 ft. 3 in. 

Gross weight 5,380 lbs. 

Motors (2) Sturdevant 5A, each 150 h.p. 

Gliding angle *Vz to 1 

Climb in 10 minutes 3,500 feet 

Speed range, loaded 78-45 m.p.h. 

Planes 

Upper plane is in 5 sections — the flat center section 
12 ft. 6 in. wide; the outer sections each 16 ft. 8 in. wide; 
and the overhanging sections 11 ft. 4 in. wide. The ends 
of the ailerons project beyond the wing tips at either 

side for a distance of 1 ft. 6 in. 

* 

Ailerons on the upper plane are 12 ft. 10 in. in length, 
minimum with 2 ft. 1 in., maximum width 3 ft. 5 in. A 
small balancing portion beyond the wiring tips extends 
forward of the rear main wing beam. Control arms are 
located 7 ft. in. from the inner end of aileron. 

With the exception of the center sections, the planes are 
swept back at an angle of 8 degrees. On the lower plane, 
this angle corresponds to a distance of 10% in. that the 
straight portion of the leading edge recedes from a 
straight line at right angles to the fuselage center. 

Dihedral angle, center section, upper plane, 1 80 degrees. 
Dihedral angle of other wing sections 178 degrees. 

Upper and lower planes are set at a 8-degree incidence 
angle, equal to rise in the leading edges of 4 13/16 in. 
The transverse and lateral center of gravity is located 
2 ft. 1 1 in. from the leading edge, at which point a hoist- 
ing eye is located. 

Centers of wing beams are located as follows: Front 
beam 9*4 in* from leading edge; beams 4 ft. 6 in. apart; 
trailing edge 2 ft. 3% in. from center of rear beam. Wing 
chord, 7 ft. 7% in. 

Fuselage 

The fuselage is 27 ft. 6% in. long; maximum width, 2 
ft. 4 in. Maximum depth between longerons, 2 ft. 11 in. 
The nose extends 6 ft. 11 in. forward of the main planes. 
The observer's cockpit is located at the nose, and the 



pilot is located immediately below the trailing edge of 
the upper plane. 

Location of vertical fuselage members are indicated by 
dotted lines on the drawing. The fuselage termination 
is 18 in. high, formed by a strut which carries the central 
rudder and also supports the tail float. 

Tail Group 

Horizontal stabilizer, 16 ft. in. across at the trailing 
edge. Width, 4 ft. % in. The leading edge is straight 
for a distance of 13 ft. 4 in., then curved in a 9 in. radius 
to a raked angle. It is non-lifting. Elevators are 16 ft. 
8V2 In. from tip to tip. Maximum width, 3 ft. 8 in. 
Control posts located 6 ft. in. apart, one on each flap. 

The vertical fin is 3 ft. 2 in. high, and to it the central 
unbalanced rudder is hinged. The central rudder is 2 ft. 
3 in. wide. 

In addition to the central rudder, there are a pair of 
balanced rudders located 6 ft. in. to either side of the 
fin. These rudders have a maximum height of 3 ft. 2 in. 
and a width of 2 ft. 2 in. 

Floats 

Floats are arranged catamaran style, with centers 10 ft. 
in. apart. Each float 3 ft. in. wide, 19 ft. IV2 in. 
long and 2 ft. in. in overall depth. A step 3% In* deep 
is located 11 ft. 1014 in. from the front end. Struts to 
the fuselage are located at the following distances from 
the nose: 4 ft. 3 in.; 4 ft. 9 in.; 5 ft. in. The dotted 
and dashed line indicates the water line with the machine 
fully loaded with a weight of 5380 lbs. 

The tail float is 19 in. wide, 4 ft. 8 in. long and 11% in. 
deep. 

Motor Group 

Motor carrying struts are located 11 ft. 7% in. apart. 
The drawing shows the motors covered in with metal 
cowling. Propellers are 8 ft. 10 in. in diameter, rotating 
in opposite directions. 

The motors are Sturtevant model 5 A, rated at 150 h.p. 
These motors are 8-cylinder, 4-stroke cycle, water cooled, 
with a 4-inch bore and 5l/S> inch stroke. The normal 
operating speed of the crankshaft is 2000 r.p.m., and the 
propeller shaft is driven through reducing gears. The 
weight per h.p. of the motor is 8.4 lbs. 

Fuel is consumed at the rate of 26 gallons per hour, 
and tanks have a capacity sufficient for an eight-hour 
flight. 



The Vickers " Vimy- Rolls " transatlantic type, biplane, equipped with two Holls-Royt-e 303 h.p^ motors 

The Transatlantic Type Vickers " Vimy " 

This type of plnne whs made famous by the historic flight of Captain Aloock and Lieut. Bronton 



The wing span of the Vickers- Vimy Biplane is 67' 2" 
and the chord ]0'-6", both wings, upper and lower, being 
identical in dimensions. The area of the upper wing is 
686 square feet, that of the lower 641, giving a total 
wing surface of 1330 square feet. The angle of incidence 
of both upper and lower wing is 3 !/■:", whereas the 




dihedral is 3°. The surface of the ailerons is 242 square 
feet. The areas in square feet of the control surfaces 
are as follows: tail plane, 114.5; elevators, 63; fins, IT; 
rudder, 21.5. 

The Vickers-Vimy is powered either by two 350 horse- 
power Rolls-Royce Eagle engines or 2 Salmon engines. 
It was one of the former type which made the successful 
trans-Atlantic flight. With the Rolls-Royce its weight 
empty, is 6,700 pounds; loaded, 12,500 pounds, with a 
fuel capacity sufficient for 8.5 hours, or a distance of 835 

The speed is 98 miles an hour, and an altitude of 5.000 
feet is gained in 15 minutes. The ceiling is 10,500 feet, 
with a .military load of 2.870 pounds. The weight per 
square foot is 9.4 pounds, and weight per horsepower 
17.9 pounds. 



The transatlantic type Vickers " Vimy-Rolis " biplane 
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The Loughead biplane, equipped with two Hall-Scott / 



Front view of Loughead twin-motored flying boat with two Hall-Scott A -5a motors. 



The Urahame- White " Bantam," with its span of SO feet, next to i JO passenger Grahame- White twin-motored biplane having a 

span of 89 feet. 
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A group of twin-motored A. V. Roe bombing planes. The machine on the extreme left is equipped with two Sunbeam aero en- 
gines, in the centre two Green engines, and on the right two Rolls-Royce engines. 

The Avro Twin Engined Bomber 

This machine was designed as a long distance high Fitted with the 280 h.p. Galloway B.H.P. Motors, this 

speed bomber. It is a 3 seater twin engined tractor bi- machine has the following performance when fully loaded 

plane. The power units, which are entirely independent, with bombs, etc. 

•re mounted on the wing,. One gnnne, i, .e.ted in the Climbing TruO. Milifry Led 

extreme no.e of the body and u provded »ith .gun ^ RM .^„M RTM. 

mounted on a rotatable mounting. Fitted tn the front s( jo ft./rnin. 1,4 JO 

cockpit are the bomb sight and bomb release gear. A 5,000 ">/, min. 535 " " 1.4J0 

second gunner is seated well to the rear of the main 10.000 19'/, " 340 " " 1,395 

planes, where he has an exceptionally good field of fire in 15 ' 000 **% " I7 ° " " J*? 

17 000 57 106 1,335 

every direction. He is provided with complete dual con- ' 

trol for the machine and two guns, one mounted on a ro- Speed Trials 

tatable mounting on the edge of the cockpit, and the second Bright Spted «J»Jf. 

gun firing through the hole in the bottom of the body for ^ J" *;"•; Jj» 

repelling attacking machines coming up under the tail. io,000 106 M.P.H. 1,493 

The pilot is seated just in front of the leading edges of 13,000 100 M.P.H. 1,450 

the planes in an extremely comfortable cockpit. 15,000 93 M.P.H. 1,410 

Dimension* Win *« 

Span of top wing 65 ft hi. The wings areistraight in plan form, with rounded wing 

Span of bottom wing C5 ft. in. tips an j are ma( i e to fold, outside the engine units, thus 

™j * J"* "*», -»'«■"' wvlng considerable shed room. The wing bracing is 

Chord of bottom wing 7 ft. 8 m. ° , , ,, , , B , e . 

Span of tail plane and elevators 18 ft. h. composed of tubular steel interplane struts and swaged 

Chord of tail plane and elevators 6 ft. in. streamline wires. The struts are faired off throughout 

Height overall 13 ft. in. their whole length by means of light wooden fairings 

length overall 39 ft. B In. covere d wit h fabric. Single bracing is employed, but the 

Gap of main planes 7 ft. 3 in. „ ,. , . , ,, . „ ,. : ,.,, 

wing structure is so designed that all the main lift wires 

Area of main planes 922 sq. ft. are duplicated through the incidence wires, that is to sav, 

Area of ailerons l->3 sq. ft. l||at if „ front | jft wjre were ghol awayr the wa( j n0TBM \\y 

aZI o'f S^JtorT.!!;!;."!."!;."!."!!;!!!;!!!!!! ££■£ It earricd b y this wire would ta f^mitted through the 

Area of rudder 2i.S sq. ft incidence wire to the rear spar bracing. Ailerons are 

Area of fin 10 sq. ft. fitted to the trailing edge of both top and bottom planes. 

w . , The wings are covered with Irish linen sewn on to all the 
ribs, and doped in the standard manner. The wings are 
The following are the principal weights: Wlh up of ribs made on a patenled aluminum girder con- 
Weight of machine (light) 4,300 lbs. struction, the top plane being in three sections, and the 

Petrol (120) gallons 866 lbs. ^^  [n four sectjons Tne jns y e sections oi t \ K 

Uil (12) gallons 108 lbs. , , " , ., . , ... 

Water (13'/,) gallons 133 lbs. bottom P Une are bmlt lnto tlle hod >< and are specially 

■Pilot 180 lbs. designed to take the engine units, landing gear and plat- 
Two Pafiscnprrs 380 lbs. forms for standing on whilst attending to tlie engines. 

Guns ^° " la - The main wing spars are of spruce, spindled to an " J " 

Ro™ 1 " " lSlbt seclion - The ri ° s »"> built up of spruce flanges and 

' stamped aluminum ties. These are riveted together to 

Total flying weight 7,200 lbs. f orm a cor rect girder construction and are exceedingly 

Main planes surface loading (full; loaded) . . . 7.8*5 Ibs./sq. ft. strong. The internal compression struts are of steel tube, 

Nominal engine loading 15.5 Ibs./Kp. fitting on to special socket bolts which also take the brae- 
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ing plates for the internal bracing ties. The internal 
bracing ties are formed of swaged steel rods with ma- 
chined ends and are designed to take the total drift on the 
wings when the machine is diving at limiting velocity. 
The trailing edges of the planes are composed of oval 
steel tubing, securely fastened to the ribs. The bracing 
plate and strut attachment on the wings are extremely 
neat and simple. The end of the struts are fitted with a 
suitable hemispherical end which (its into a specially de- 
signed cup headed bolt, the bolt also forming the attach- 
ment for the bracing plate. This method of construction 
is patented. 

Engine Units 
The power is supplied by two 230 h.p. Galloway B.H.P. 
Motors, driving direct two airscrews 9 ft. 6 in. in diam- 
eter. The engines are mounted on special 3-ply and 
spruce engine mountings which are built into the center 
sections of the bottom wings, forming an extremely light 
and rigid base. The main petrol tank is mounted imme- 
diately behind the engine, and behind the petrol tank is the 
oil tank. The radiator is mounted in front of the engine, 
and the whole unit is carefully faired off to reduce head 
resistance. A small auxiliary petrol tank is mounted on 
the top plane just above the power units and is used for 
running the engine when on the ground and getting off. 
The petrol is fed from the main tank to the auxiliary petrol 
tank, or direct to the carburetors of the engine by means of 
a positive pump driven by a small windmill. The main 
tanks are provided with dial petrol level indicators, which 
are easily read from the pilot's seat. It may be as well to 
point out here, that practically any existing type of engine 
can be easily accommodated in this machine. Any engine 
from 200 h.p. to 300 h.p. being suitable, machines of this 
type have been fitted with Rolls- Royce, Sunbeam and 
Green Motors, with very satisfactory results. The engine 
controls are conveniently placed at each side of the pilot, 
the two dependent throttle controls being on the pilot's 
right hand side, and the magneto controls on the left hand 
side. The engine controls can be moved together or inde- 
pendently, as, for example, when a sharp turn is required, 
one throttle can be left open and the other closed, so that 
the engine thrust helps the turn. Levers are also pro- 
vided for adjusting the carburetors for altitude. 

Body 
The body of the machine is of the usual box girder con- 
struction, with spruce rails and struts and swaged steel 



rods for bracing. The body rails are stiffened by means 
of 3-ply wood formers in the Standard Avro manner. 
This construction makes the rails extremely strong and 
obviates the tendency of the rails to warp. The body is 
of a good streamline form and provides ample accommo- 
dation for the crew and the bombs. . The nose of the 
fuselage is covered with 3-ply wood and the decks and 
bomb compartment are formed of the same material, the 
rest of the body being covered with doped fabric carried 
over stringers to preserve the shape. To permit the rear 
gunner to fire underneath the tail, a special seat is made in 
the floor through the rear cockpit, and a long hole is ar- 
ranged in the floor through which a good view downward 
and backwards is obtained. When it is not required to 
use this opening, it is covered by means of a sliding door. 
Steps are provided in the side of the body and a small light 
steel ladder, hung from the side of the machine, enables 
the crew to climb easily into their places. 

Tail Unit 

This consists of an adjustable tail plane, the angle of 
incidence of which can be varied by the pilot whilst in 
flight, by means of the patent Avro tail adjusting gear. 
The elevators are hinged to the trailing edge of the tail in 
the usual manner. The fixed fin is fitted on top of the 
body, and hinged to the stern post is a large balanced 
rudder. All the empennage members are built up of 
spruce and steel tubing and covered with doped fabric. 
The tail is braced by streamline steel wires. 
Controls 

The elevator and aileron control is of the wheel and 
column type. The large hand-wheel being mounted ver- 
tically in front of the pilot on the top of the rocking col- 
umn. The rudder is operated by means of foot bar in the 
usual manner. All control surfaces are actuated by means 
of flexible steel cable passing over ball bearing pulleys. 
Landing Gear 

The landing gear is of unique design, weight and head 
resistance having been cut down to the absolute minimum 
without sacrificing, strength. The landing gear consists of 
two wheels mounted on tubular steel axles, which are at- 
tached by means of ball joints to the body. The landing 
shock is taken through a special shock absorbing strut as 
usually employed on Avro machines, and there is a diag- 
 onal behind this, taking the backward loads imposed when 
landing and taxying on the ground. 



v of the Avro twin-motored Bombing Biplur 
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Lawson Aerial Transport 

The giant Lawson " C-l " biplane was designed from a front and rear of the cabin. On the left side of the cabin 

strictly commercial point of view. forward of the wings an entrance door is provided. This 

The fuselage is built to accommodate 26 passengers and door is of such proportions that the usual method of 

all the details of its construction and performance char- climbing or crawling into the machine is done away with. 

acteristics take into consideration the safety and comfort Control* 

of the passengers. Dual c(mtrols ATt , provided at the f„ rwHr d end „f the 

The seats are readdy detachable and sleep.ng quarters cMn CmAnl ^^ are , 8 „ j() djameter and are 

installed for a fewer number of passengers when cruis.ng mounttd fln fl t|)be ex(ending (tom one si(Je of t ,, e bodv 

for considerable d.stances. to the ot|)er The whef(s ^^ tJ(e mi]tnas and de . 

The general specifications of the I-awson A.r Transport vators and ^ u8ual ^ faar fa used fflf ^ rud(Jers 

 C-l are as follows: A]] contr(|1 sur f aces are interconnected and cables doubled. 

General Dimensions In the ailerons wood is used in the construction. For 

Span, both planes AS ft. in. t j,e stablizers and elevators both wood and steel are used. 

Chord, both planes 9 ft. 6 in. ^ nMm are wrlj j, >ted p or njgnt fivjng e]ec _ 

Length overall *7 ft. T in. * r ' c lift' 1 ' 8 nre supplied for the instrument board, interior 

Height overall I* ft. in. of the cabin, and the wings. 

Areas TaiI G^P 

Sq. Ft. The fuselage terminates in a steel tube stern post to 

Main planes, including ailerons 1,700 which is attached a rear spar of the lower tail plane and 

Ailerons (4) 16S also tail skid. The tail, of the biplane type, is adjustable 

Stabilisers (2) 172.5  il i  u- i. 

p. , ,,. S75 to counteract any differences in balancing which may en- 
Rudders (3) 52 9ue - '* ue to tne large 8 ' ze °* lne machine, passengers 

An j es may move freely about the fuselage without any dis- 

Incidence of main planes 3- turbance to plane. Rudders and elevators are of the bal- 

Dlhedral 1° anced type. 

Swrrpback 6" Landing Gear 

Stabiliser setting to wing chord 0= The ]miing ^ fa ^^j rf ^ pajr9 of „„, by 

Weights 8" wheels carried on large streamlined steel tube struts, 

Machine fully loaded 12,000 lbs. T | ley are attached under each engine in such a way as 

Performances to evenly take up the landing shocks with a minimum of 

Climb In 10 minutes with full load 4,000 ft. strain to the wings and fuselage. 

Ceiling 15,000 ft. 

Gliding angle 1 to 8 Engines 

Fuel duration 5 hours Two 12-cylinder Liberty engines are used. They are 

Flight duration 400 miles completely enclosed in nacelles at either side of the* fuse- 
Main Planes lage. 
U. S. A. 5 wing section is used. Main planes are in Engines are placed in pusher position with propellers 
seven sections. The outer center section extends between 10' in diameter revolving in opposite directions. They 
the outer struts of either engine nacelle. The two lower rest on large ash beds internally braced by steel tubes. 
center sections run from the fuselage to outer engine Gas tanks are located in the nacelles. Engines are 
nacelle struts. equipped with separate controls to the pilot's compart- 
Fuselage ment, where they may be operated separately or together. 
Seats are placed at windows at each side of the body, Effective mufflers are provided which add greatly to the 
and an aisle between the seats allows passage from the comfort of the passengers. 



The fuselage of the Lawson Aerial Transport is 15 ft. Ionic, 7 fl. high and 4 ft. 9 In. wide. Provisions are made for seating 20 



THE FRENCH CAUDRON TWIN-MOTORED BOMBING BIPLANE 



s driven by two Hispai 



French Caudron Biplane equipped with two Illspano-Suiza motors. 



The Caudron R 11 type of French Bombing Biplane. Twin motored, it carried two and sometimes three i 
projects considerably in front of the plane thereby insuring a good view. 
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The Friedrichshafen 
Twin-Motored Biplane 



The Twin-Motored Friedrichshafen Biplar 



This machine is a weight carrying type and was used 
for bombing purposes. It normally carried a crew of 
four. The cockpits were intercommunicating, so that the 
personnel could change places, etc. 

The total weight of the empty machine is 5930 pounds. 
Useful load — 2720 lbs. Maximum load — 8646 lbs. 

General Description 

The general design of the machine is shown in the at- 
tached drawing, which gives plan and front and side ele- 
vations. 

The principal dimensions are as follows: 

Span 78 ft. 

Maximum chord 7 ft. 8 in. 

Cap 7 ft 

Dihedral angle in the vertical plane I%° 

Dihedral angle In the horizontal plane 6° 

Total area of main planes. 934.4 sq. ft. 

Area of upper main planes without flap 480 " 

Area of lower main planes without flap 454.4 " 

Load per square foot 9.24 lbs. 

Weight per horse power 16.6 lbs. 

Area of flap of upper wing 21.6 sq. ft. 

Balance area l.S " 

Area of flap on lower wing 16 " 

Balance area 1.56 " 

Total area of fixed tail planes S7.6 

Total area of elevators 33 " 

Balance area of one elevator 1.7 " 

Area of fin 20 

Area of rudder 19.3 " 

Balance area of rudder 3 " 

Maximum cross section oi body IB.2 * 

Horizontal area of body 133 " 

Vertical area of body 131.2 

Length over all 42 ft. 

The machine is built up upon a central section, to which 
are attached the forward and rearward portions of the 
fuselage and the main planes. This central section com 
prises the main cell jr cabin of the body, containing the 
tanks, bombs, etc. It also embraces the engines and the 
central portion of the upper and lower planes. The 
latter, together with the engine struts, are largely built up 
of steel tube, as is also the landing gear. 

The central portion of the body, which measures 4 ft. 
across by 4 ft. 3 in. in height, consists of a Box formation 
made of plywood, strengthened by longerons and diag- 
onals, and transversely stiffened by ply-wood bulkheads. 
The bulkhead farthest forward acts as an instrument 



board, behind which are side by side the seats of the pilot 
and his assistant. The former has a fixed upholstered 
seat, whilst that of the latter is folding, consisting of a 
light steel tubular framework with a webbing backrest. 

Underneath these two seats is the lower main petrol 
tank. Behind this cockpit the body is roofed in with ply 
wood, the rear part of which roofing is detachable so as to 
give access to the second main petrol tank, which is at the 
rear end of the main body section. By this means a small 
cabin or covered passageway is provided, at each side of 
which are the racks for the smaller bombs. 

Central Portion of Wings 

The central and non-detachable portion of the upper 
plane has a span of 19 ft. 5 in., whilst at each side of the 
nacelle the lower plane fixed portion measures 7 ft. 8 in. 
The main wing spars in this central portion are of steel 
tube, roughly 2 in. in diameter, with a wall thickness of 
1/16 in. 

These spars are braced by steel tubes arranged in the 
form of an X, the manner in which the bracing tubes are 
attached to the main spars being shown in the sketch 
Fig. 1. 

The lugs are built up by welding, and are pinned and 
riveted in position, the joint being of the plain knuckle 
type. 

The upper surface of the lower plane is, so far as the 
central section is concerned, covered in with three-ply 

In this portion the main ribs are of three-ply, with 
spruce flanges. Between each main rib is a cut-away rib, 
the design of which is shown in the sketch Fig. 2. This, 
unlike the main ribs, is one piece of wood, and not built up. 
For the greater part of its length it applies to the top 
surface only, being cut away to pass clear of the cross 
bracing tubes. 

The plane is further stiffened with transverse members 
consisting of three-ply panels between each rib strength- 
ened by grooved pieces top and bottom. The latter are 
attached as shown in the sketch Fig. 3, and the attachment 
of the flanges of the main ribs is shown in Fig. 4. 

The central section of the upper main plane is in one 
piece and is covered top and bottom with fabric. In order 
to facilitate the removal of the engines," detach able panels 
measuring 1 ft. 1 1 i/n in. long by 1 ft. 8 in. deep are let into 
the trailing edge immediately over the engine bearers. 
These panels are socketed in front, and at the rear are 




Line drawings of the Twin-motored Friedrichshafen Bombing Biplane. 
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Sketches showing details of construction of the Friedrichshafen Bomber. 
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joined up at the trailing edge with U section sheet steel 
clips and bolts. 

The struts which connect the top of the nacelle to the, 
upper plane are tubular and of streamline section, as are 
also the engine bearer struts. A section of one of the 
latter is given in Fig. 5. The thickness of the wall is one- 
sixteenth of an inch. 

The method of attaching the lower end of the engine 
struts to the tubular steel spars is shown in the sketch Fig. 
6, from which it will be seen that a welded Y socket is 
used and secured by a pin joint, the ends of the pin acting 
as anchorages for the attachment of the bracing wires. 

This sketch also shows the lugs which respectively sup- 
port the detachable portion of the main planes and the 
vertical strut of the landing chassis. The engine bearer 
struts are pushed into the Y socket and pinned in position, 
the pins being afterwards brazed into the socket. At their 
upper ends the engine struts are fixed to the top plane 
spars with pin joints, as shown in Figs. 7 and 8, the attach- 
ment differing according to the number of wire bracings 
that are to be taken to each joint. 

Construction of Wings 

The detachable portions of the wings are fixed to the 
center section by pin joints, one part of which is shown 
in Fig. 6, the male portion being represented in Fig. 9. 
The chord of the wing in the line of flight varies from 
approximately 7 ft. 8 in. to 7 ft. 5 in., and the wing sec- 
tion is shown shaded in Fig. 10. In order to provide a 
basis of comparison the R.A.F. 14 wing section is super- 
imposed and drawn to the same scale. 

The main spars are placed one meter apart, the front 
spar being 272 mms. in the rear of the leading edge. Both 
spars are of the built up box type, as shown in Figs. 11 
and 1 2. The former is the leading spar and the latter the 
rear spar. These spars are of spruce, and each half is 
furnished with several splices, so that the greatest single 
length of timber in them is not more than 14 ft. The 
splices, which occur in each half alternately, are of the 
plain bevel type about 1 5 in. long and wrapped with fabric. 
A fabric wrapping is also applied at short intervals along 
the spar. 

Internal cross bracing between the main spars is af- 
forded by steel tube cross members and cables attached as 
shown in the sketch Fig. 9. 

The main spar joint consists of a steel plate 19 mms. 
thick embedded in the spar end and held in position by 5 
bolts, which pass through a strapping plate surrounding 
the end of the spar. This plate also carries the attach- 
ment for the bracing cable and is furnished with a spigot 
which locates the bracing tube. It will be seen that at this 
point the spar is provided with tapered packing pieces of 
hard wood glued and held in position by fabric wrapping. 

The main ribs are placed 360 mms. apart. Between 
them are auxiliary formers, consisting of strips of wood 
20 mms. x 10 mms. thick, which run from the leading 
edge to the rear spar. The main ribs consist of ply wood 
webs socketted into grooved spruce flanges, which are 
tapered off as shown in Fig. 4, except where they are met 
by a longitudinal stringer. The leading edge is solid wood 
moulded to a semi-circular section of approximately 65 
mms. diameter. Where the rib web abuts against it, pack- 



ing pieces are glued each side. Between the main spars 
the web of the rib is divided by three vertical strips into 
four panels and in each of these it is perforated, leaving 
an edge all round about 72 mms. wide. 

As shown in Fig. 9, the upper flange of the main ribs is 
carried clear of the leading spar by means of packing 
pieces. In the case of the rear spar, packing pieces are 
also used under the rib flange as shown in Fig. 12. 

The lower main planes for a width of about 2 ft. 3 in. 
at their inner end are covered as to their top surfaces with 
three-ply wood. 

The interplane struts are attached to the main spars by 
joints of the type shown in Fig. 14. This, it will be seen, 
follows the typical German practice of partially universal 
jointed mountings for the cable attachments. At the 
points of attachment of these strut joints, suitably tapered 
packing pieces of hard wood surround the spars, which at 
these points are also wrapped with fabric. 

Struts 

Outside of the center section the interplane struts are of 
wood built up, as shown in the section Fig. 15, of five sepa- 
rate pieces. The curved portions are of timber which has 
not yet been identified, but is apparently of poor quality. 
The cross web is of ash. The strut is wrapped at fre- 
quent intervals with strips of fabric and is fitted with a 
socket joint of the type shown in Fig. 16. The outer pair 
of struts are of smaller section than the main struts, but 
are built up in a similar manner. Their section is 125 
mms. x 40 mms 

Ailerons 

The framework is principally of welded steel tube 
wrapped with fabric. 

A notable point is the thick section of the leading edge 
of the balanced portion, as shown in Fig. 17. 

Fin and Fixed Tail-Planes 

The framework of these is steel tube and in the case of 
the tail-planes wooden stringers running fore and aft are 
arranged at intervals. The tail-planes are supported by 
diagonal steel tubes of streamline section, on the under 
side of which sharp steel points are welded to prevent 
these stays being used for lifting purposes. 

Elevators and Rudders 

The framework in each case is of steel tube, the main 
tube being 85 mms. in diameter and the remainder 15 mms. 

Bracing 

Throughout the wings, both internally and externally, 
the bracing is by means of multistrand steel cable. 

Fuselage (Rear Portion) 

At the after-gunner's cockpit the section of the fuselage 
has a rounded top, which is gradually smoothed down into 
flat. The section, for the greater part of the length, is 
rectangular, and the frame is built up in the usual man- 
ner with square section longerons and verticals, the joints 
being arranged as shown in Fig. 18. The cross bracing 
wires along the sides, top, bottom, and diagonal are of 
steel piano wire and are covered with strips of fabric, as 



The inside of the front cockpit. 




View looking down the inside of the 
fuselage, showing trap door and after- 
gunner's folding seat. 





Details of construction of Fried richshafen Bomber. 
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shown in this sketch, where they lie adjacent to the fabric 
fuselage covering. 

The vertical and horizontal compression members are 
located by spigots. The joint consists of a plate* which 
completely surrounds the longerons, its two ends being 
riveted together to form a diagonal bracing strip. For the 
last few feet at the tail the fuselage is covered with thin 
three-ply. 

The fuselage is covered with fabric, which is held in 
position by a lacing underneath and is consequently bodily 
removable. 

The floor of the after-gunner's cockpit is elevated above 
the bottom of the fuselage. Immediately underneath this 
cockpit is a large trap-door, shown by dotted lines in the 
plan view of the aeroplane. This is hinged at its rear- 
ward end and furnished with two large celluloid windows. 
It is held in its " up " position by a long spring and a snap 
clip. No means could be found by which it could be fixed 
in its closed position. As footsteps are provided for all 
the cockpits, this trap-door is evidently not intended for 
ingress and egress. It could be employed in connection 
with a machine-gun firing backwards, as in the Gotha, but 
no machine-gun mounting was fixed in this machine for 
this purpose. 

The rear portion of the fuselage is attached to the cen- 
ter section of the body by a clip at each corner. This is 
shown in Fig. 19. The rear portion carries a male lug, 
which engages with the two eyes, and is held in position 
by a %ths bolt. Four other bolts in tension pass through 
the sheet metal clip, as shown in the sketch. In each case 
the lugs are furnished with sheet steel extensions which, 
as shown in the sketch Fig. 19, are sunk flush into the top 
and bottom surfaces of the fuselage longerons and are 
there held with three bolts. The corner joint is welded 
sheet steel, and there is an additional diagonal sheet steel 
point which serves the secondary purpose of providing an 
anchorage for the bracing wires. 

As this fuselage joint is level with the plane of rota- 
tion of the propellers, it is armored both on the nacelle and 
on the rear portion of the fuselage with a hinged covering 
of stout sheet steel lined with felt. A plate of armor a 
foot wide also extends down each side of the nacelle at this 
point. 

Forward Cockpit 

This is attached to the main body by four bolts with 
clips similar to those just described. It consists of a light 
wooden framework, covered throughout by three-ply. 

The cock-pit can be divided off from the main cockpit 
by means of a fabric curtain. Its occupant is provided 
with the folding seat, and manages a gun and the bomb- 
dropping gear. 

Engine Mounting 

The engine bearers have the section shown in Fig. 20, 
and are each built up of two pieces of pine united by 
tongues. On their top surface they are faced with ply 
wood, and at the bottom with ash. A strip of ash applied 
to the upper outer corner of the bearer gives it an " L" 
section, and has screwed into it the threaded sockets for 
the set screws of the lower part of the engine fairing. 
The engine bearers taper sharply at each end. They are 



mounted on the " V " struts by means of acetylene welded 
brackets, constructed as shown in sketch, Fig. 21. These, 
it will be seen, are of box form, and form a liner round 
the streamline tube. 

The engine cowling is a particularly fine piece of work, 
and two views are given in sketches 22 and 23. The 
lower portion is attached to the engine bearers by set 
screws, but the upper part is readily detachable, being 
furnished with turn buttons. This cowling allows the 
cylinders of the engine to be exposed to the air. A large 
scoop is placed in front, so as to permit a free flow of air 
over the bottom and sides of the crankchamber, whilst at 
the rear three large trumpet-shaped cowls are provided so 
that a draught of air is forced against the crankcase in the 
neighborhood of the carburetor air intake. In the rear the 
fairing abuts against the propeller nave, whilst in front it 
is attached to the radiator. It will be noticed that at each 
side of the radiator are narrow air scoops, the object of 
which is to promote a draught past the oil tank and front 
cylinder heads. 

Engines 

The«motors are the standard 260-h.p. Mercedes with six 
cylinders in line. Full details of this engine have been 
published, and it is only, therefore, necessary to notice 
one or two points in connection with the installation. 

A new departure is the interconnection of the throttle 
and ignition advance controls. This is carried out in the 
manner illustrated diagrammatically in Fig. 24. It will 
be seen that a considerable movement of the throttle can 
be made independently of the ignition advance. In the 
Mercedes carburetor the throttle is so arranged that it 
cannot be fully opened near the ground without providing 
too weak a mixture, and it is thought possible that the full 
ignition advance is not obtained until this critical opening 
is reached. 

On several German bombing aeroplanes grease pumps 
for lubricating the water spindle have been found. Fig. 
25 shows the design as fitted to the Friedrichshafen. It 
consists of a ratchet and pawl operated grease pump, se- 
cured by a bracket to one of the engine struts, and worked 
from the pilot's cockpit by a lever, and a stranded steel 
cable passing over a pulley, the pawl being returned by a 
long-coiled spring. 

The exhaust pipe is of new design, although it incor- 
porates the well-known expansion joints attached to the 
flanges. It is fitted with what amounts to a rudimentary 
silencer, whereas in previous machines of a similar type to 
the Friedrichshafen an open-ended exhaust pipe was used. 

Radiators 

Each radiator is provided with an electric thermometer 
fitted into the water inlet pipe, as shown in sketch, Fig. 
27, these thermometers being wired up to a dial on the 
dashboard, which is furnished with a switch, so that the 
temperature of either radiator can be taken independently. 

The radiators consist of square tubes to the number of 
4134, and measuring roughly 6 mms. each way. 

The radiator block is V shaped in plan, and each is 
provided with a shutter which covers up a little more than 





Main landing chassis, tail skid and ma- 
chine gun mounting in the front of the 
fuselage. 
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a third of the cooling surface. This shutter is fitted with 
a stop, so that when fully opened it lies in the line of 
flight of the aeroplane. It is opened or closed according 
to circumstances by the gear, shown in the sketch, Fig. 26, 
of which the handle is mounted on the roof of the nacelle, 
immediately behind the pilot's seat. Three positions are 
provided for the.. handle, which operates the two shutters 
simultaneously by means of return cables. 

Immediately above the main radiator, and let into the 
upper main plane between the front spar and the leading 
edge, is a small auxiliary tank, illustrated in Fig. 28. 
This is furnished with a trumpet-shaped vent in the direc- 
tion of the line of flight, and is furnished with two outlets, 
one to the head of the main radiator, and the other to the 
water pump. The function of this tank is evidently to 
prevent the pump from priming. 

Oil Pump 

The main supply of oil is carried in sumps forming part 
of the base chamber. A secondary supply of oil, from 
which a small fresh charge is drawn at every stroke of the 
oil pump, is contained in a cylindrical tank supported by 
brackets from the engine struts, and placed immediately 
behind the radiator. This tank has a capacity of 25 
liters = 5 !/•> gallons. Each tank is furnished with a glass 
level, which is visible from the pilot's seat. 

Petrol Tanks 

The two main tanks which are placed, one under the 
pilot's seat and the other at the top rear end of the nacelle, 
contain 270 liters = 59l/*> gallons each, and are made of 
brass. Each is provided with a Maximall level indicator, 
which employs the principle of a float operating a dial by 
means of a cable enclosed in a system of pipes. 

A hand pump is fitted conveniently to the pilot, and 
pressure is normally provided by the pumps installed in 
each engine. An auxiliary tank, holding approximately 
1 3 gallons, is concealed in the upper main plane, not imme- 
diately over the nacelle but a little to the left side. This 
auxiliary tank is fitted with a level, as shown in Fig. 29, 
which is visible from the cockpit. The auxiliary tank 
appears to be used only for starting purposes. It is cov- 
ered with a sheet of fabric held in position by " patent 
fasteners." 

Engine Controls 

Running from each engine to the nacelle is a horizontal 
streamline casing, containing the various engine controls. 
A section showing the arrangement of these inside the fair- 
ing is given in the sketch, Fig. 30. The leading edge of 
the streamline casing consists of a steel tube, to which are 
welded narrow steel strip brackets, to the rear end of 
which are bolted thinner strips which are hinged in front 
to the tube. The whole is then enclosed in a sheet alumi- 
num fairing. 

Through the leading tube passes the throttle control rod 
for each engine, the two throttles being worked either to- 
gether or independently by the ratchet levers, shown in 
Fig. 31. These are mounted on a shelf convenient to the 
pilot's left hand. This control requires a considerable 
number of bell cranks and countershafts, but was notice- 



ably free from backlash. The throttle is opened by the 
pilot pulling the levers towards him. 

On the dashboard are two revolution counters and two 
air pressure indicators. The metal parts of these dials are 
painted red for the left engine and green for the right, and 
the same coloring applies to the magneto switches, one of 
which contains a master switch which applies to both 
magnetos on both engines. 

Piping 

The various systems of piping are distinguished by 
being painted different colors, thus the petrol pipes are 
white, arrows being also painted on them to show the 
direction of How; air pressure pipes are blue, and pipes 
for cable controls gray. 

Propeller 

The propellers are each 3.08 meters in diameter and 
are made of nine laminations, which are alternately wal- 
nut and ash, except one which appears to be of maple. 
The propeller has the last 20 ins. of its blade edged with 
brass. The pitch is approximately 1.8 meters and the 
maximum width of the blade 220 millimeters. 

Controls 

Only one set of control gears is fitted, but as pointed out, 
the seating accommodation is so arranged that any of the 
crew can take charge if, and when, necessary. 

The elevator and aileron control is shown in sketch Fig. 
32. It consists of a tubular steel pillar mounted on a 
cranked cross bar at its foot. The ailerons are worked 
by cables passing over a drum on the wheel, whence they 
descend through fiber quides on the cross bar to another 
wheel mounted on a countershaft below, from which they 
are taken along inside the leading edge of the lower wing 
and finally over pulleys up to the aileron levers on the 
top plane. The latter are partially concealed in slots 
let into the trailing edge of the wing. The upper and 
lower ailerons are connected by means of pin jointed 
tubular steel struts of streamline section. 

It will be observed from Fig. 32 that a locking device 
whereby the elevator control can be fixed in any desired 
position is fitted, and consists of a slotted link which can 
be clamped by a butterfly nut to the control lever. This 
link is hinged to a small bracket attached to the panel 
below the pilot's seat. 

Fig. 33 shows the rudder control, from which cables 
are taken over pulleys and through housings in the nacelle 
and finally to the end of the fuselage. The cranked rud- 
der bar is of light steel tube and is arranged to be placed 
in the pivot box in either of two positions. It is furnished 
with light steel tubular hoops which act as heel rests and 
are adjustable. A locking clip is fitted on the floor of 
the cockpit so that the rudder can be fixed in its neutral 
position. 

A novel type of trimming gear is an interesting item 
of the control. Movement of the elevator control from 
the normal upright position of the stick is made against 
the tension of one of two springs which can be alternately 
extended and relaxed by means of a winch connected to 
them, as shown in the diagram, Fig. 34. Normally these 
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springs tend to bring the control stick back to a central 
position, in which the elevator lies flat, but if one of the 
springs is tens ion ed by winding up the winch in clock- 
wise direction, the position to which the stick will tend 
to come when released will be such as to set the elevator 
at a positive angle. This winch gear, which is illustrated 
in Fig. 35, is mounted on the right-hand side of the nacelle, 
and is therefore under the command of the pilot's com- 
panion. 

The crank is furnished with a locking pawl, which 
engages with a ring of small holes bored in the plate of 
the winch. The steel springs used in conjunction with 
this apparatus are some 3 ft. long and about 94 in. in diam- 
eter. The inscription behind the winch read : — 

Nose heavy — Right wind. 

Tail heavy — Left wind. 

Landing Gear 

As might be expected, the landing gear on this machine 
is of massive proportions. Two vertical streamline sec- 
tion wood-filled tubes descend from the center section 
wing spars, immediately under the engine, to a bridge 
piece or hollow girder made of welded steel. Through 
an oval hole in this girder a short axle carries two 965 
mms. x 150 mms. wheels (38 in. x 6 in.). These work up 
and down against the tension of a bundle of steel springs 
about Yo in. in diameter and made of wire approximately 
1-16 in. thick. 

The steel girder is extensively pierced for lightness, 
and the edges of the holes are swaged inwards. The axle 
is prevented from moving sideways by plates, and is pro- 
vided with short steel cables which act as radius rods and 
connect it to the front of the girder. The whole of the 
box girder is covered in with a detachable bag of fabric, 
which extends up to the small cross bar mounted imme- 
diately above the girder. 

Mudguards are provided behind each landing wheel for 
the purpose of preventing any mud or stones dislodged 
by the wheels from coming in contact with the propellers. 

From the front and rear of the box girder streamline 
tubes are taken to the ends of the main wing spars, where 
they abut against the nacelle, and these diagonals are 
further braced with streamline steel tubes. Both the 
vertical and diagonal tubes are held in split sockets so as 
to be easily replaceable if damaged. 

In addition to the four main landing wheels, a fifth is 
mounted under the nose of the fuselage. This wheel is 
760 mms. x 100 mms. (30 in. x 4 in.). It is mounted on a 
short axle, which is capable of sliding up and down slots 
in its forks against a strong coil spring, and it is also 
capable of a certain amount of lateral movement along 
its axle, also against the action of two small coil springs. 

The tail portion of the fuselage is protected by a fixed 
skid made of wood but shod with a steel sole. This is 
fitted with a small coil spring contained inside the fuse- 
lage. 

Wiring 

The whole of the wiring system on the machine is very 
neatly carried out. There are three main systems ; firstly, 
the ignition wiring, which is contained for the most part 
in tubes of glazed and woven fabric ; secondly, the heating 



system, for which the wires are carried in flexible metal 
conduits ; and, thirdly, the lighting system, in which a thin 
celluloid protective tubing is used. Wires are run from 
the nacelle along the leading edge of the upper planes 
to points level with the outermost strut. Here they termi- 
nate in a plug fitting placed behind a hinged panel. Ap- 
parently lamps are intended to be served by the circuit. 
Immediately in front of the pilot's seat a universally 
jointed lamp bracket is mounted on the outside of the 
nacelle. The exact purpose of this lamp is not known, 
as it could not illuminate any instruments. 

Armament 

Both the forward and rear cockpits are furnished with 
swivel gun mounts carrying Parabellum machine guns. 
These mounts consist of built-up laminated wood turn- 
tables working on small rollers, and carry a U-shaped 
tubular arm for elevation. This arm is hinged to a 
plunger rod working through a cross head, and arranged 
so that the arm is normally pulled down flat on the turn- 
table by a coil spring. The plunger can be locked in 
any of a series of positions by means of a bolt operated 
by a hand-lever through a Bowden wire. A second lever 
allows the turntable to be locked at any desired point. A 
perforated sheet-metal shield protects the cross head and 
spring. Small shoulder pads are fixed on the turntables, 
of which that in the forward cockpit has a diameter of 
2 ft. lO 1 /^ in., whilst in the rear the diameter is 3 ft. \U in. 

The after-gunner is prevented from damaging the pro- 
pellers by two wire netting screens, supported by tubular 
steel brackets, placed on either side of his cockpit. These 
are sketched in Fig. 36. 

In addition to these two guns, provision is made for 
mounting a third in front of, and to the right of, the 
pilot's cockpit, where it could be managed by his com- 
panion. For this purpose a clip is provided immediately 
under the coaming of the nacelle, and the handle of this 
protrudes through a slot in the dashboard. The clip 
works on the eccentric principle, and appears to be self- 
locking. Its construction is shown in detail in Fig. 37. 

A rack for Very lights is mounted on the outside of 
the nacelle convenient to the pilot's companion. 

INSTRUMENTS 

Airspeed Indicator 

Considerable interest attaches to the fact that this 
Friedrichshafen Bomber is the first enemy machine 
brought down which has been found provided with an 
airspeed indicator. This is of the static type, embody- 
ing a Pitot head of the usual type. The indicator has a 
dial of large size, and is altogether a much more bulky 
instrument than any for a similar purpose used in British 
machines. An investigation of its mechanism is being 
made. 

Altimeter 
This is of the usual type, reading to 8 kilometers. 

Level Indicator 

This is a somewhat crudely made device, employing 
two liquid levels, as indicated in the diagrammatic sketch 
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Fig. 38. It will be seen that the reading gives the pilot 
an exaggerated idea of the angle of roll. The glass tubes 
are sealed up, and contain a dark blue liquid. 

Revolution Counters 

The dials give readings from 300 to 1600 r.p.m. The 
sector between 1300 and 1500 is painted black, and these 
figures are marked with luminous compound, as also is 
the indicating hand. 

Air Pressure Gauges 

These read from to 0.5 kilogrammes per square centi- 
meter. There is a red mark against the figure 0.25 kg. 

Electric Thermometer Dial 

This dashboard instrument consists of a box-type me- 
ter, the dial reading from to 100 deg. C. The figures 
and 75 are accentuated by red marks. A switch at the 
side of the box, having positions marked 1 and 2, allows 
the temperature of either radiator to be read. 

Petrol Level Indicators 

These are of the Maximall type, and employs a float 
immersed in a tubular guide in the tank. This float com- 
municates its motion to a finger working over a circular 
dial, by means of a thin cord passing over pulleys. These 
are encased in pipes, which are under the same pressure 
as the tank. 

Electric Heating Rheostat 

This is illustrated in Fig. 39. It is marked Aus (off), 
Schwach (weak), Stark (strong). There are two sep- 
arate resistance coils, enabling the rheostat also to per- 
form the function of a change-over switch. 

Wireless 

The machine is internally wired for wireless, and the 
left-hand engine is provided with a pulley and clutch 
for driving the dynamo. Reference to Fig. 22 will show 
that this is designed to be mounted on a bracket carried 
by the outside front engine bearer strut, and that the 
engine fairing is molded to receive it. 



Bombs and Bomb Gear 

At each side of the covered-in passage way in the nacelle 
are bomb racks capable of holding h\e 2 5 -pounder (12 
kg.) bombs. 

Underneath the nacelle are carried two large tubular 
frames, fitted with cradles of steel cable, and furnished 
with the usual form of trip gear. 

These racks would, it is believed, be capable of sup- 
porting a 300 kg. bomb apiece. The bombs carried, how- 
ever, evidently vary with the radius of action over which 
the aeroplane has to operate. The large racks are not 
permanently attached to the nacelle, but can easily be re- 
moved as required. 

Inside the front cockpit from which the release of the 
bombs is conducted, there are seven triggers for the small 
bomb racks and two levers for the large bomb trips. The 
cables for this gear are carried under the floor, and are 
painted different colors for distinction. 

Bomb Sight 

The bomb sight carried on the machine presents no new 
features, and is of the ordinary German non-precision 
type. 

Fabric and Dope 

Two entirely different kinds of fabric are employed in 
the Friedrichshafen machine. The wings are covered 
with a low-grade linen of the class which is employed on 
most of the enemy machines. It is white in color. Com- 
pared with that of British fabrics, the tensile strength is 
fairly good. 

This fabric is covered with a cellulose acetate dope, 
and is camouflaged in large irregular lozenges of dull 
colors, including blue-black, dark green, and earth color. 

The other fabric, which is applied to the fuselage, tail 
planes, rudder, elevator fin, and landing gear, is appar- 
ently a cheap material, much inferior to British fabrics 
designed for a similar purpose. This fuselage fabric is 
dyed in a regular pattern of lozenges, the colors being 
hardly distinguishable from black. The dope is acetate 
of cellulose. 
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A Gotha twin-motored Pusher I 



The Gotha Twin Motored Biplane — 
Type GO. G5 



The details of this machine do not differ to any great 
extent from those of the usual German construction. 
The general details of this plane are: 

Span (Top plane) over tips of 77 ft. 

ailerons 

Span (bottom plane) 71 ft. 9 In. 

Gsp 7 ft. 



Chord 7 ft 2% "n. to 1 ft. 6 in. 

Tail plane span 13 ft. 6 in. 

Overall length 41 ft. 

Engine centers 14 ft. 

Engines (Mercedes) 260 h.p. each 

Set back of planes i° 

Propeller (diameter) 10 ft. 2 In. 

Centers of under carriage wheels 2 ft. 7"/, In. and 3 ft. CVS 'i>- 



rhree views of the German Gotha 
twin-motored Biplane. 
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Two /icws at ilie German A. ) 
twin-motored Biplane. 



The German A. E. G. Bombing Biplane 



Fundamentally the A. E. G. bomber resembles the 
Gotha biplanes. In dimensions, however, the two ma- 
chines differ considerably, the Gotha being somewhat 
larger. Also the A. £. G. has its two airscrews placed 
in front of the main planes, whereas in the Gotha they 
are " pusher " screws. As in the Gotha, the wings of the 
A. £. G. are swept back at a 5° angle and are also placed 
at a dihedral angle, which appears to be greater in the 
bottom than in the top plane. The span, it will be seen 
from the scale drawings, is the same for both planes, and 
amounts to 57 ft., while the overall length is about 30 ft. 

6 in.; chord, 7 ft. in.; area 800 sq. ft; gap, 8 ft. 6 in. — 

7 ft. 5 in. The ailerons, which are of a peculiar shape, 
are fitted to the top plane only, and are operated by a 
crank lever working in a slot in the plane. This arrange- 
ment would appear to be in general favor with German 
designers, whereas it is rarely or never met with in Allied 
machines. 

The tail planes, which are of the monoplane type, con- 
sist of fixed stabilizing planes with an area of 30 sq. ft., 
and a vertical fin, to which are hinged the elevators and 
rudder respectively. Both elevators and rudder have for- 
ward projections in order to partly balance them, thus 
relieving the pilot of a certain amount of the strain of 
working the controls. Maximum height of rudder, 6 ft. 
9 in.; area 17 sq. ft.; maximum span of elevators, 12 ft. 
in. ; total area, 25 sq. ft. A tail skid is fitted under the 
stern of the fuselage, and is sprung, not by means of rub- 
ber shock absorbers as is usually the case with our ma- 
chines, but by means of coil springs. The same is the 
case with the landing chassis, where coil springs are also 
used instead of rubber. Whether this " indicates a short- 
age of rubber " in Germany, or whether, for machines of 
such large dimensions and heavy weight, it has been found 
more suitable, it is not possible to say. 

As already mentioned, the material ttsed in the construc- 
tion is, with very few exceptions, steel, practically the 
only parts made of wood being the ribs of the main planes. 



The main spars are in the form of steel tubes, which is 
rather surprising in view of the fact that about the worst 
use to put a circular or tubular section is to employ it as 
a beam laterally loaded, since much of the material of 
such a section will be situated at or near the neutral axis, 
where it is adding weight without contributing greatly 
towards the strength. Possibly the tube has been chosen, 
in this instance, for reasons connected with the manufac- 
ture rather than from considerations of structural suit- 
ability. The method of attaching the root of the main 
spar to the center section of the top plane is shown in 
one of the sketches. The short length joining the center 
section spar and root of wing appears to be turned from 
the solid, hollowed out at one end to receive the center 
section spar, and having machined on the other a forked 
end to receive the root of the main spar. The strut socket, 
which resembles those usually found on German machines, 
is attached to it by welding. 

Like the rest of the machine, the fuselage of the A. E. G. 
bomber is built up of steel tubes, this material being used 
for longerons as well as for struts and cross members. 
These are connected by welding and the joints are stiff- 
ened and anchorage provided for the cross bracing wires 
by triangular pieces of sheet steel welded to longerons 
and struts. 

With regard to the accommodation for the occupants, 
this is divided into three divisions. In the front cockpit 
— at the extreme nose of the body — is a seat for the 
bomber, who views the ground below and obtains his sights 
through a circular opening in the floor. On his right the 
bomber has a rack holding bombs; these are presumably 
not of a very heavy caliber. Under the center of the 
body there is another bomb rack carrying the heavier pro- 
jectiles. Near the inner ends of the lower plane there 
are fittings for an additional supply of bombs. The ma- 
jority of the bombs, however, are not, so far as it is pos- 
sible to ascertain, carried under the body and wings, but 
inside the body, 
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The Curtiss Model 18-B Biplane 



After the successful trials of the Curtiss Model 18-T tri- 
plane, the two-seater 18-B biplane was brought out by 
Curtiss Engineering Corporation. The biplane is built 
around the same fuselage and power plant as the triplane, 
but having a lesser overall height the gunner has a wider 
area of fire. 

The housing of the engine is particularly neat; it is en- 
tirely encased with the exception of the exhaust stacks, 
which are streamlined. The removable cowling around 
the engine makes the power plant accessible for adjust- 
ments and repairs. 

As in the triplane, all interplane cables are of true 
streamline. Where cables cross, they are clamped to- 
gether by streamlined blocks. 

Another peculiarity of this machine is the employment 
of ailerons on the lower plane only. These ailerons are 
operated by steel tubes running through the lower plane 
and directly connected to the pilot's control stick. This 
principle entirely eliminates all outside control cables and 

Rudder and elevators are operated by levers enclosed in 
the fuselgae termination thereby doing away with all out- 
side control cables. There are no external braces for the 
stabilizer or fin. 

General Dimensions 

Span, upper plane 37 ft. 5% in. 

Span, lawer plane 37 ft. 5% in. 

Length overall 23 ft. 4 in. 

Height overall 8 ft. 10% in. 

Chord, upper plane ft. 54 in. 

Chord, lower plane ft. 48 in. 

Stagger ft. 16 9/16 in. 

Gaps, — between planes 5 ft. in. 

Weights 

Pound* 

Weight, fully loaded 3,001 

Useful load 1,013 

Performances 

(Altitude) 

Feet 

Service ceiling 2)2,000 

Maximum ceiling " ; 23,750 

Climb in 10 minutes ..." 12.500 

Climb in 10 minutes (light flying load) 16,000 

(Speed) 

Highspeed (m.p.h.) . . 160.5 158.5 157.5 155 152 

Altitude Sea f>p0Q lOfiOO flfjDOO tftflOO 

level feet feet feet feet 

Low speed (m.p.h.).. 59 68.2 73.6 79.8 86 
Economical Speed 

(m.p.h.) 80 85 92 100 ' 118 

. (Climb) 
Kate of climb 

(ft. per minute) . . . 2390 1690 1040 580 210 
Time of climb 

(minutes) 2.5 6.3 12.9 27 

(Endurance) 

' Miles Hour* 

High speed (sea level) ». 283 1.75 

Economical speed (sea level) 536 6.7 

Main Planes 

Planes are in flat span. There is no dihedral nor 
sweep-back. 



Main planes are in Ave sections. Center section over 
the body 30 in. wide. Outer section 17 ft. 5% in. in 
span. Overall span 37 ft. 5% in. Lower plane in two 
sections at either sideof the body, each 17 ft. 5% in. span. 

As indicated on the accompanying line drawing, the ribs 
are spaced about 6 in. apart. Instead of the usual two 
main wing beams, the Model 18-B employs five main wing 
beams, the idea being to more evenly distribute the loading 
on them. 

The chord of the upper plane is 54 in. Forward main 
wing beam located 9 in. from leading edge. Wing beam 
over the rear fuselage and interplane struts 2 ft. 9 in. 
from leading edge. 

Chord of lower plane 48 in. Forward main wing beam 
9 in. from leading edge. From this the other main wing 
beam members are spaced 7 5/16 in. apart. 

Ailerons on the lower plane have a very high aspect 
ratio, being 13 ft. 5 1/16 in. in length and 10% in. wide. 

Struts over the fuselage are spaced 30 in. apart. From 
these the intermediate interplane struts are centered 6 ft. 
\y*> in. From intermediate struts, outer struts are cen- 
tered 7 ft. 8% in. This leaves an overhang of 43% in. 

Fuselage 

The fuselage is of monocoque construction, finely stream 
lined. Overall length, 21 feet. 

Pilot's cockpit is below the trailing edge of upper plane. 
Aft of the pilot, the gunner's compartment is arranged so 
that the gunner has a wide range of fire for the two Lewis 
machine guns, one of which is located on a rotatable Searff 
ring surrounding the cockpit, and one which fires through 
an opening in the under side of the fuselage. 

Landing Gear 

The track of the landing gear is 59% in. Wheels 26 in. 
in diameter. The axle is located 44 14 in. from the nose 
of the fuselage, and 49i/> in. below the center line of en- 
gine. With the machine in flying position, the center of 
gravity of machine occurs at a point 16.6 in. behind the 
axle of landing gear. 

When at rest on the ground, a straight line from the 
landing wheels to the tall skid makes an angle of 11 de^ 
grees 15 minutes with the center line of thrust. 

Tail Group * 

The triangular fin is 3 ft. in length and 8 ft. 6 in, in 
overall height. Rudder, 46 in. in overall height and 31 
11/16 in. in width. The stabilizer is divided at either side 
of fuselage. Maximum depth at the bod}*, 2 ft. 5 in. 
Maximum span overall, 10 ft. 10^ in. Elevators are 
18% in. in width. 

Engine Group 

The engine is a Curtiss Model K-12 engine. 

Two Duplex type carburetors are used. They are- lo- 
cated between groups of cylinders. Carburetors are sup- 
plied with an auxiliary altitude hand-controlled air valve 
and also with, non-back-firing screen. 

The propeller is 9 ft. in. in diameter. In flying posi- 
tion, the tips of the propeller clear the ground by 8^ in. 
When the machine is at rest there is a clearance of 1 7^ in. 
between the propeller tips and the ground. 
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The Curtiw " Oriole " Biplane 



The " Oriole " was brought out to fill the need of a 
machine the sole purpose of which is the carrying of pas- 
sengers in a safe and comfortable manner. A door is pro- 
vided on the left side of the body . (indicated by dashed 
line on the drawing), so the compartment is easy to get into. 
The general specifications are: 

General Dimensions 

Span, upper plane 36 ft 

Span, lower plane 36 ft. 

Chord, both planes 5 ft. 

Length, overall 25 ft. 

Height, overaU 9 ft. 5 

Stagger 1 ft. 1 

Weights 

. Machine, fully loaded 2,188 

Useful load 767 

Net weight, including water 1,421 

Useful Load 

Fuel (43 gals) 257 

Oil (4 gals) 30 

Pilot 160 

Passenger or other load 320 



Minimum speed . . . 
Economical speed . 



M.P.H. K.P.H. M.P.II. 
Sea Level BflOO ft. 10,000 ft. 

85.0 83.0 80.0 

475 51.8 56.0 

60.0 65.5 71.0 

Climb 

Pent 

Climb (full load) in 10 minutes 2,475 

Rate of climb, per minute 400 

Endurance 

Mitei Uovrt 

At high speed 365 4.3 

At economical speed 393 6.5 



Main Planes 

Except for the center section, main planes are made up 
of sections similar in size and area. Main wing sections 
are set at a 1 y> degree dihedral angle. 

Portions of the main planes are cut away next to the 
body and center section to permit wide vision range for 
passengers and pilot. 

Fuselage and Landing Gear 

The fuselage is 23 ft 3 in. in overall length. Its sec- 
tion is oval, 3 ft. 2 in. by 3 ft. 8 in. With the engine, the 
fuselage weights 925 lbs. 

Provision is made for carrying two passengers seated 
side-by-side in the forward cockpit and the pilot in the 
after cockpit. Controls located in pilot's cockpit only. 
Compartments are upholstered in leather. Large wind- 
shields provide protection from the wind. 

Because of the deep body, short struts are used on the 
landing chassis. Wheels are 26 in. x 3 in., spaced 6 ft. 
4 in. apart. 

Wing tips are provided with cane bow skids, below the 
outer wing stmts. 

Tail Group 

Stabilizer 10 ft. 1.5 in. in span, 2 ft. 6 in. in maximum 
width. The stabilizer is divided and symmetrically dis- 
posed at either side of the body. 

Elevators, 1 ft. 6 in. wide. 

Fin 2 ft. 6 in. wide and 3 ft. 3 in. high. Rudder sur- 
face is all disposed above the fuselage, as the body termi- 
nates in a streamline form. Rudder 4 ft in. high, 2 ft 
6 in. wide. 

Engine 

A Curtiss OX-5 Engine is used. This is an eight 
cylinder " V " type, four stroke cycle engine. 



Side view of the Curtiss " Hornet," model 18-B, two-seater biplane. It has a speed of 1 
utes, with light flying load 



n.p.h. and climbs 16,000 feet In 10 min- 
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The Aeromarine Training Tractor 



The Aeromarine Training Tractor 

This machine is well suited for training purposes. pilot's cockpit. Both cockpits are arranged with a full 

_ . _, . complement of instruments. 
General Dimensions 

Span, upper plane 37 ft. in. Tail Group 

Span, lower plane 33 ft in. „. , . ... . ,. , , , , . , . ... . , 

Chord r . 6 ft 3 In ™he sla hilizer is divided and mounted dn either side 

Gap 6 ft 6 in. of the body. In design it is of the double cambered type. 

Length over all 2a ft. 6 In. The sections of the stabilizer are quickly detachable from 

Weight, empty 1,200 lb*. the f use Uge. 

Useful load TM lbs. Elevatol . p ] 8ne8 flre each at tached to the stabiliser by 

Motor, Aeromarine 100 h.p. «* ' 

Speed Range 7fl-*2 m.p.h. * our hinges. From tip to tip the elevator planes meas- 

CUmb in 10 minutes 3^00 feet ure 10 ft. 9 in. across; width, 2 ft. 5 in. 

The rudder is of the balanced type and of streamline 
section. The frame is formed of steel tubing. From the 

In form, the wings are designed after the R. A. F. 6 bottom of fuselage the rudder reaches a maximum height 

pattern. Leading edge of planes are covered with thin f 4 f t . in. The balanced portion extends I ft. S in. 

veneer to maintain the correct front curvature. forward of the rudder post, and the main portion 8 ft. 1 1 

Ribs are of lightened section, spaced about IS inches in. to the rear of pivot, 
apart. The rib webs are reinforced between lightening 

holes to protect against shear. Landing Chassis 

Struts are hollowed to lightness as much as practical. Axles are 1 y> in. diameter. Between the wheels the 

In the internal wing bracing, separate wooden struts tube is 1% in. in diameter. Walls of the axle in the hubs 

and not wing ribs carry the drag of the wings. ape 5/I6 in. Hobs have bronze bushings.- 

Fuselage Motor Group 

Longerons are of large section, lightened at points where Provision is made for the installation of the new Aero- 

tlie strength would not be impaired. Consideration has marine 8-eylinder 100 h.p. motor. The gear ratio is 7 

been given to the rough usage to which the bodies of to 4, turning an 8 ft. 4 in. Paragon propeller with a 6 ft. 

school machines are subjected, and all wires, turnbuckles pitch at 1400 r.p.m. The motor is 4-cycle, with a bore 

and fittings are designed accordingly. of 31/. in. and a 5% in. stroke. 

The fuselage is 22 ft. 6 in. in length, 2 ft. 6 in. in its Delco starter and ignition are provided and built in as 

vidth, and S ft. 6 in. in over all depth at the an essential part of the motor. 
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The Bellanca biplane, showing the 



The Bellanca Biplane 



The light passenger-carrying Bellanca biplane has been 
designed to answer the requisites of quick get away, fast 
climb, and high speed, and to have at the same time light 
weight, the ability to glide at a flat angle, and low flying 
speed to insure a great degree of safety in landing. To 
these qualities are added the item of moderate cost and 
ease of maintenance, high-grade construction and the pos- 
sibility of rapidly assembling and dissembling. 

The inventor had in mind the idea of presenting a ma- 
chine which would be of universal use for popular flying 
as well as for training. Careful attention was given to 
all details as dictated by the latest research and accepted 
good practice. That such things have been attained the 
demonstrations of its performances seem to bear out. 

On his first flight the pilot released the controls when 
an altitude of 1000 feet was reached. Perfect stability 
and high climb were observed. The throttle was full open. 
Without touching the controls, the throttle was retarded to 
diminish the power about 50 per cent, and the machine 
proceeded in straight horizontal flight. With the engine 
shut off* the machine quietly disposed itself to a flat glide. 

Other tests of the machine's speed show that with full 
power, it is capable of 85 m.p.h., and by throttling the 
engine the speed can be reduced to 34 m.p.h. The value 
of this performance will be better realized when it is un- 
derstood that the Bleriot and Deperdussin monoplanes of 
similar horse power have a speed range of 40 to 46 and 
40 to 48 m.p.h., respectively. Favorable comparison will 
also be found with a number of modern machines, both 
European and American, with 100 h.p. or more, which 
make an average speed of 70 to 80 m.p.h. 

In climb tests the Bellanca biplane ascended to 3300 
feet in 10 minutes and 4600 feet in 14 minutes, with the 
engine throttled down to 1080 r.p.m., equal to 18 h.p. 

With the engine turning at 1080 r.p.m. the machine 
made a speed of 69 Va m.p.h. in three consecutive half- 
mile flights at a height of 15 feet from the ground. The 
speed mentioned was the average for the three flights. 



With the engine increased to 1200 r.p.m., equal to 24 h.p., 
the climb of the machine increased to 530 feet per minute 
and the horizontal speed was 76 r p.m. The climb was 
measured by means of a barograph and aneroid. 

In testing the gliding quality, the pilot began a glide 
from an altitude of 4600 feet at a distance of about ten 
miles from the starting point. With the engine shut off 
the field was reached and passed, and it was necessary 
to turn back and glide against the wind toward the field, 
adding two miles to the distance traversed. In this 
manceuver a time of 8 minutes and 5 seconds elapsed be- 
fore the ground was touched. In this glide the machine 
was favored by a wind of 6 to 7 m.p.h. The incidence 
angle indicator showed that the machine was gliding at 
an angle of 5 degrees, which is equal to a ratio of 1 to 
11.3. 

The above test shows that in case of a forced landing 
from an altitude of 4600 feet, the pilot will have ample 
time to select a landing place within a diameter of 24 

General Description 

Best selected white ash is used for the principal parts 
of wings, fuselage, landing gear, etc. 

Brazing and welding have been eliminated wherever 
possible. Care has been observed to avoid the piercing 
of longerons and other vital members. 

Safety Factor 

The factor of safety of lift stresses on the beams of 
upper and lower wings is 16, and the factor of drift 
stresses is 14. In the body and landing gear the safety 
factor of the weakest point is 12. 

Field tests have shown a high safety factor under 
difficult conditions. Even in snow 14 inches deep, the 
machine never met with difficulty in leaving the ground 
nor in landing. In diving and even in tail spinning tests, 
the machine was quick to recover itself, confirming the 
strength of sustaining surfaces. 
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Assembling Facility 
In actual tests, the machine was dissembled in IS min- 
utes and reassembled ready to fly in SO minutes. This 
item is expedited by the employment of a special turn- 
buckle, which can be loosed and detached without losing 
the adjustment of tension, so that a simple movement 
restores the attachment of the cable with its original 
adjustment. 

General Specifications 

Span, upper plane 36 ft. in. 

Span, lower plane , 20 ft. in. 

Chord, upper plane 4 ft. in, 

Chord, lower plane 2 ft. 4 in. 

Total area ISO sq. ft. 

Length overall 17 ft. 7 In. 

Weight, machine empty 400 lbs. 

Useful load 375 ihs. 



Performances 



(Milti 



[35 h.p 85 

Maximum Speed, Light J ji h.p 76 

]lfl h.p 70 

Minimum Speed 34 



fsa h.p. 






->■) 



Maximum Climbing Speed J ~n j,.j> 530 

(18 h.p 330 

Gliding Angle 1 to 11 J 

Min. h.p. required for horizontal night 6 

Main Planes 
The dynamical stability of the planes is almost the same 
as the Eiffel 32. It is most suited to high speed because 
of its very small drift at small angles of incidence, and 
because of the structural advantages afforded by the sec- 
Spars are of ash, having a safety factor of It. 
Struts between planes are of streamline section of con- 
stant depth far two-thirds their length. Ends taper to 
the strut fittings. 

Controls 

Lateral and longitudinal balance is operated by stick 

control. The rudder is balanced; it is operated by the 

Lateral control is obtained by warping the wings, and 
its effect is so immediate as to require but a slight move- 
ment of the stick. 



Fuselage 

The fuselage is of good streamline form. Its wooden 
frame is of box-girder construction, braced by cables from 
the pilot's cockpit forward and with wire from the same 
cockpit rearward. The nose is covered with aluminium, 
a round door in one side giving access to the engine. 
The remainder is covered with linen, doped and varnished. 
The front deck is of veneer, linen covered. The body 
tapers to a vertical strut edge at the rear, on which the 
rudder is hinged. No bolts pass through the fuselage 
spars, a simple and light fitting making this possible. In 
front of the pilot is a dash, on which are found oil sights, 
clock, aneroid, inclinometer, and incidence angle indi- 
cator. 

Landing Gear 

The chassis is of the ordinary V type, each V con- 
sisting of two ash laminated streamline struts, joined to- 
gether by steel and aluminium plates. Rubber shock ab- 
sorbers bind the axle to the struts. 

Tail Group 

The empannage group is composed of a non-lifting fixed 
stabilizer, to which is fastened the elevator flaps. 

The attachment of the stabilizer is such that it is easily 
detached by removing four cotter pins. 

The rudder is of oval shape and is of sufficient area 
to insure complete control in handling the machine on 
the ground. 

Engine Group 

An air cooled 3 cylinder Anzani Y type 35 h.p. is used. 
Its weight is 120 lbs. Propeller 6 ft. 7 in. in diameter 
and 5 ft. 9 in. pitch. The engine is so attached as to 
form with the rest of the body a perfect streamline form 
with low head resistance. 

Only part of the cylinders are exposed, which are effica- 
ciously cooled by such a flow of air as obtained by a speed 
of 85 m.p.h. 

To ascertain the complete cooling of the engine, re- 
peated and accurate tests were performed. The engine 
was first tested on the ground, and after five minutes' run- 
ning, it was already losing 15 per cent, of its initial h.p. 
This loss was increasing as the engine continued to work. 

On the contrary when the machine was flying, such 
power loss was almost completely eliminated, for after 
from 10 to 60 minutes of flight, no over-heating was ob- 
served. 



The Bellanca Biplane in flight 
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MOTORED AKKOPLANES 



The well-known Curtiss JN-4, equipped with a Hispano-Suita motor. This type of plane was used extensively for training pur- 
poses. It was originally powered with a Curtiss OX 8-cyIinder motor. 



Curtis* Model JN-4D Tractor 



Due to the fact that this machine has been widely used 
for training aviators both here and abroad, the JN type 
is probably the best known of all the Curtiss models. 

It is comparatively light and for its useful load carry- 
ing capacity, is very compact- 
General Dimensions 

Wing Span — Upper Plane 43 ft. 7% in. 

Wing Span — Lower Plane 33 ft. 11 % in. 

Depth of Wing Chord 59"/, in. 

Gap between Wings 61% in. 

Stagger 18 In. 

length of Machine overall 27 ft 4 in. 

Height of Machine overall 9 ft. 10% In. 

Angle of Incidence S degrees. 

Dihedral Angle 1 degree 

Sweepback degrees 

Wing Curve Eiffel No. 6 

Horizontal Stabilizer — Angle of Incidence degrees 

Wings — Upper 167.94 sq. ft 

Wings — Lower 149.42 sq. ft. 

Ailerons (Upper) 35.2 sq. ft 

Horizontal Stabilizer 28.7 sq. ft. 

Vertical Stabilizer 3.8 sq. ft 

Elevators (each 11 sq. ft.) 9.2 sq: ft. 

Rudder 12 sq. ft 

Total Supporting Surface 352.56 sq. ft. 

Loading (weight carried per sq. ft. of support- 
ing surface) 6.04 lbs. 

Loading (per R. H. P.) 23.65 lbs. 



Weights 

N'et Weight — Machine Empty 1,580 lbs. 

Gross Wright — Machine and Load 2,130 lbs. 

Useful Load 550 lbs. 

Fuel 130 lbs. 

Oil 38 lbs. 



Pilot 165 lbs. 

Passenger and other load 217 lbs. 

Total 550 lbs. 



Speed — Maximum — Horizontal Flight 75 miles per hour 
Speed — Minimum — Horizontal Flight 45 miles per hour 
Climbing Speed 3000 feet In 10 minutes 

Motor 
Model OX, B-Cyllnder, Vee, Four-Stroke Cycle. . Water cooled 

Horse Power (rated) at 1400 R. P. M 90 

Weight per rated Horse Power 433 lbs. 

Bore and Stroke 4 in. x 5 in. 

Fuel Consumption Hour 9 gals. 

Fuel Tank Capacity 31 gals. 

Oil Capacity Provided —Crankcase 4 gals. 

Fuel Consumption per Brake Horse Power per 

Hour 0.60 lbs. 

Oil Consumption per Brake Horse Power per 

Hour 0.030 lbs. 



Material Wood 

Pitch — according to requirements of performance. 
Diameter — according to requirements of performance. 
Direction of Rotation (viewed from pilot's seat) Clockwise 

Details 
One Gasoline Tank located in fuselage. 
Tail Skid independent of Tail Post. 
Landing Gear Wheel, size 26 in. x 4 In. 
Standard Equipment — Tachometer, oil gauge, gasoline gauge. 

Maximum Range 
At economic speed, about 250 miles. 
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The Liberty-motored De Havilland four, with bomb racks filled for bombing demonstration 



The De Havilland 4 Tractor Biplane 

The De Havilland * with the Liberty engine has been clock, hand-pressure pump, inclinometer, map board, and 

one of the successful associations with America's air pro* compass. 

gram. For reconnaissance and bombing the British have General Dimensions 

used the De Havilland 4 with a 300 h.p. Rolls-Royce en- F**t 

gine, and the adoption of the Libertv 12 has given the ? nan ' U PP" P 1 " 1 " * M . 

r, . ' , c . , r . .. . . .-. » j S P»». ■-"«' Pis'" 42.3 

United Mates superior results in both performance and chord, both planes 5*7 * 

production. Cap between planes ....'. 6.0 * 

With slight modifications in its equipment, the De Havil- Stagger 12.6 

land * is used for reconnaissance, bomb dropping and Lenfrth over all 39.7 - 

fighting. Complete night flying equipment is installed, 

consisting of green and red port and starboard electric Areas 

lights near the ends of the lower plane, a rear white light Souartf»«t 

on the deck just aft of the gunner's ring, and wing tip Upper plane 216. 

flare lights near the wing tip skids. Lower plane SOS- 
Current for lighting and wireless is supplied bv two * n "°™ < 3 U PP" . Bnd » ,ow "> 7fi - 

.. , , , .,  .. ,t . , * .- Total wing area with ailerons 421 

generators attached to the inner sides of front landing stabilizer 337 

gear struts. A camera is clamped to a padded rock on Elevator 2&3 

the interior of the body aft of the gunner's ring, where it Fin S.\ 

is conveniently operated by the observer. Dual control H*"-* 1 " -2.5 

is installed, and control stick is quicklv detached and 

removed by pressing a spring catch when it is not neces- Weights, General ^^ 

sary for the observer to take control. Machine empty 2,440 

Racks are provided for twelve bombs which are held Fuel and oil 452 

in place horizontally under the lower planes, near the Military load 648 

bodv. The release is accomplished from the pilot's cock- „ , . ,. , , , 

.. , - i i i, , . , .. . Total, machine londed 3,740 

pit by means of bowden cable. A sighting arrangement Estimated useful load 1,300 

is built into the body just behind the rudder bar. 

Four machine guns are installed. Two fixed Browning Weights, Machine Empty 

guns are mounted on the cowling forward of the pilot, Pound* 

operated bv the " C. C." automatic interrupter gear or Engine 858 

the Nelson" direct mechanism, which releases the trigger ^f" st P'P? 8 ':  

, , .. . .. ' . . -. „ ** Radiator and water 170 

at each revolution of the engine crankshaft. I wo mov- p-oveller 92 

able Lewis guns are carried on a rotatable scarfed ring Gasoline tanks 62 

surrounding the rear cockpit. Oil tank 10 

A telescopic sight is provided for the two fixed forward Rn K ine accessories, leads, etc 43 

, . j , , . , , , . . , . , . Fuselage with cowl 388 

guns and a ring and bead sight for the twin Lewis guns. TM ^ ]ncidence ^ „ 

Instruments carried are: Two gasoline pressure indi- Body accessories, seats, etc 18 

cators, speed indicator, tachometer, altimeter, thermometer, Undercarriage 119 
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Front view 'of the De Havllland-4 with a 400 h.p. liberty "12" Engine 



Tail skid 

Controls 

Wings 

Bracing 

Armament supports 



Total 2,440 



Crew 

Armament 

Bombs and gears . . 
Photographic outfit . 
Wireless equipment . 



Total 



Main Planes 



There is no sweepback, but upper and lower planes are 
attached to a center section and the body, respectively, at 
a dihedral angle of 174°. 

Aspect ratio of both planes, 7.7. - Angle of incidence, 
3°. 

Fuselage 

Veneer is used for covering the fuselage from the ra- 
diator to the gunner's cockpit, and no diagonal bracing is 
therefore employed in -this part. 

The rear end of the body is constructed in the usual 
girder fashion, and the longerons, of spruce, are spliced. 
Veneer is used underneath the tail plane for covering the 
body. 

Tail Plane 

Attachment of the tail plane is such that its inclination 
can be varied from the pilot's cockpit during flight. Its 
front edge is hinged and the rear end braced by wires at- 



tached to a vertical post in the fin. By means of a cable 
wrapped u round a drum and worm at the lower end of the 
post the rear brace wires are raised or lowered, and the 
trailing edge of the stabilizer is correspondingly raised or 
lowered, permitting the setting to be adjustable within the 
limits of — €° + 5°. 

Engine Group 
a twelve-cylinder Liberty which develops 



Bore and stroke 5 by 7 inches. 



The engi. 
400 h.p. at 1,625 
Cylinders are set at a 45° V. 

Zenith carburetor and Delco ignition are used. 

Fuel consumption .5+ lbs., and oil .03 lbs. pr h.p. per 
hour. Fuel tanks are located at the center of gravity. 
Capacity 67-6 gallons. Oil tanks under pilot's seat have 
a capacity of 5.6 gallons. 

The radiator is provided with shutters operated from 
the pilot's cockpit, to cut off part of the cooling surface 
when flying at low temperature. 

Propeller, 8.6 ft. diameter and 10.7 ft. pitch. When 
at rest on the ground the propeller hub is 6 ft. in. above 
ground, and in flying position it is 5 ft. in. above ground. 

Performances Obtained by U. S. Army with the DeH-4 

Endurance at 6,500 ft., full throttle 3 hrs. 13 min. 

Endurance at 6,500 ft., half throttle 3 hrs. 3 min. 

Celling 19,500 ft. 

Climb to 10,000 ft 14 min. 

Speed at ground level 124.7 m.p.h. 

Speed at 6,500 ft liO m.p.h. 

Speed at 10,000 ft 117 m.pJi. 

Speed at 15,000 ft 113 m.p.h. 

Weight, bare plane 8,391 lbs. 

Weight, loaded 3.582 lbs. 



SINGLE MOTORED AEROPLANES 



The British Vlckers commercial type " Vlmy " equipped with two Holls-Royce H75 h.p. engines. Two pilots are carried in the 

cockpit placed high in the nose and the cabin lias a sentlng capacity for 10 

passengers in separate arm chairs. Fuel is carried for 

five hours; speed, 110 m.p.ta. 



The British Bristol Coupe biplane equipped with S64 h.p. Rolls-Royce engine 
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Line drawings of the D. H. 5 pursuit biplane 
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The De Havilland 5, showing the peculiar stagger of the upper aerofoil, which gives the pilot a wide range of vision. 

The D. H. 5 Pursuit Biplane 



This machine is a tractor biplane with a single pair 
of interplane struts on each side and with the wings set 
at a negative stagger of 0.695 m. The principal dimen- 
sions, etc., are as follows : 

Wing. 



Chord, 1.375 m. 
Dihedral, 172°. 

Angle of incidence, upper wing, 2°, amidwings, 2'/ a ° at 
tip; lower wing 2 1 /!' throughout. 
No sweepback. 

Wing spars of spruce and of I-section. 
Ribs spaced 280 to 350 mm. apart. 




Dimensions in millimeters. Detail drawings of the D. H. 5 fuselage 
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The De Havilland No. 



The De Havilland No. 5 

Ordinary four-longitudinal type, braced by cross wir- 
ing and strengthened in front, up to pilot's seat, and at 
rear near tail by S mm. plywood. " Body faired to approx- 
imately circular section near front. i 

The undercarriage is of V-type with solid streamlined 
wooden struts and a continuous axle. The tail plane is 
of one piece mounted at 1° incidence, without the cus- 
tomary incidence-change gear. . ' 

The power plant consists of a 1 10 h.p. rotary Le Rhone, 
with main fuel tank for 100 lit. of gasoline and oil tank 
capacity of 21 lit. There'is an emergency gravity fuel 
tank of 26 lit. capacity on upper starboard wing. The 



engine is fed from main tank by compressed air generated 
by small air pump. Total fuel supply for two hours' 
flight. 

The following instruments are mounted in the pilot 
cockpit : To right, two fuel supply pipes with stop cocks, 
and a change of gear for elevator control; on instrument 
board, tachometer, speedometer, altimeter, spark switch, 
watch and compass; to left, fuel and oil throttles and a 
hand pump for the air. 

The weight of the machine is: Empty, 461 kg., and 
fully loaded, 604 kg. Wing area is £0.14 sq. m., wing 
loading 344 kg./sq. m. and power loading 5. S3 kg./h.p. 



The Thomas-Morse S-t F, Single 
Senter Advanced Training Scout, 
which makes a speed of 112 m.p.h. 
with an SO h.p. Le Rhone engine 
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The Dayton-Wright JJ-IK. It has two upholstered seats, built-in mahogany vanity and lunch lioxes, and bevel plate mirrors. It 
holds two passengers and pilot. It is equipped with a Liberty Twelve. The machine has a maximum speed of 115 miles per 
hour and minimum of 53. The climb is about 10,000 feet In 10 minutes and the economical radius is four hours. The dimen- 
sions are similar to the DH-i 
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The Dayton- Wright " Messenger " Biplane. It has a wing spread of 18 feet 5 inches, weighs 47ft pounds net, 636 gross, has a 
mum speed of 78 miles per hour, minimum 40 miles, and is equipped with a 37 horsepower motor 

The T-4 Messenger 

The '* Messenger " was designed as a war machine, but 
after being modified in small details it makes an ideal ma- 
chine for commercial and sporting purposes. As a war 
machine its use was to have been in carrying messages 
from the front lines to headquarters, and in general liaison 

The machine is exceptionally light, and easy to fly, mak- 
ing it possible to make landings in places that have been 
heretofore {inaccessible. Very rigid flying tests have been 
made. 

The fuselage has absolutely no metal fittings nor tie 
rods of any sort, strips of veneer being used exclusively 
for the bracing. 

As an example of its strength, the fuselage was sup- 
ported at either end while 12 men stood at the center. 

The machine comes within the means of the 



Span, lower plane . . . 
Chord, both planes 
Area, upper plane ... 
Area, lower plane ... 
C«P 

length 

Height 

Angle of incidence . . - 
Dihedral of lower plar 
Stabilizer incidence . . 

Weight unloaded 

Weight loaded . 
Horizontal n 
Landing speed 

Climb in 10 minutes 

Engine, air-cooled De Palma . 






...19 ft. 3 in. 
..3 ft. 3^' in. 

50 sq. ft. 

56 sq. ft 

..3 ft. ey, in. 



. .85 m.p.h. 
..37 m.p.h- 
...3.000 ft. 
....37 h.p. 



General Specifications 



The engine is a 4-cylinder air-cooled ',' V " 
factored by the De Palma Engine Company 
Its weight is 3.7 lbs. per h.p. The engine 
gallons of gasoline per hour and tank has a 
12 gallons. Oil is carried in the crankcase. 



STRUCTURAL DETAILS OF THE DAYTON-W RIGHT T-4 "MESSENGER" 




-I-ower right wing strut socket, showing pulley for aileron cable fitted Into the leading edge of the wing. 2 — The strip veneer 
used for cross bracing on the interior of the fuselage. 3 — Attachment of upper wing section to the center section. 4 — Ele- 
vator control lever. 5 — Landing chassis fitting showing the streamline aluminum casing for the shock absorber cord. 






BEBCKMANS 

IOO HP G.V. GNOME 

SPEED SCOUT 



5caU of F*«t 



McLaughlin 
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Side view of the Berckmans Single Seater, 
equipped with a Gnome motor it 
100 h.p. 



The Berckmans Speed Scout 

In a great number of points, the little single-seater, or weight carried per square foot of supporting surface, 

designed by Maurice Berckmans, shows a marked advance 6.4 pounds. 

in scout-building which has resulted in some perform- Wing curve, Eiffel No. 32. Ribs have y» in. by 3/16 in. 

ances worthy of note. This plane has ascended to 23,000 spruce battens and veneer webs. Veneer is with 3-ply 

feet and returned to the earth in twenty-seven minutes, birch-gum -birch, each lamination 1/16 in. thick. Ribs 

Its normal climb is 1100 feet per minute. These figures spaced along the wing 10 in. apart. 

were verified by an altimeter (indicating barometer) and Leading edge and the forward main wing beam are of 

two recording barographs. spruce, and the rear beam of ash (the ash being necessary 

Quick climbing ability is but one of the inherent features because of the relatively narrow depth of the Eiffel wing 

of its design. The streamline monocoque body, the reduc- section at the rear spar). The trailing edge of 20 gage 

tion of exposed parts and the light total weight have as- aluminum tubing with an outside diameter of % in. 

sistcd in the achievement of high speed. A judicious dis- Ailerons on the upper plane only, 4 ft. 10 in. in span 

tribution of weights and areas, bringing the centers of and 1 ft. 1 1 in. deep. The half-round leading edge is set 

area, thrust, gravity and resistance in advantageous posi- into a curved recess in the rear wing beam, leaving no 

tions, has made the machine easy to control and prompt opening between these surfaces. 

and precise in response to control movements. These at- Interplane struts are of spruce, hollowed for lightness. 

tributes, together with its neat details and finish, make The halves are glued together with fiber crossed (for 

this scout one of the fine American machines of this avoiding warping) and bound in three places to keep them 

type. firmly in place. Maximum width, l ] /[ in.; maximum 

depth (at the center), 4 in., tapering to 1 Vsj in - at tne 

General Specincat.ons endg The tmA rf near , g u &Rd ^ K&r 

Span, upper plane 26 ft. in. , . D , , . : 

Span, lower plane 19 ft. In. ™rved in a pronounced gradual taper. 

Chord, both planes 4 ft. 11 in. Wiring between the planes is with flexible stranded 

Gap 5 ft. 3 in. cable ; flying wires doubled and bound together to lessen 

Stagger 17° resistance. The compensating control cable, from one 

length of machine overall IB ft. In. ailerQn to ^ Qth fa r]m concealed in the Une 

Height of machine overall 8 ft. 9 in. , , . , , , , , 

Net Weight - machine empty 830 lbs. Inspection doors are located above the pulleys, where the 

Gross weight — machine and toad . : 1,190 lbs. cable ends emerge and run to the aileron king-posts. 

Useful load : 370 lbs. 

Engine, G. V. Gnome 100 h.p. Body 

Speed range 115-54 m.p.h. 

Climbing speed 1,100 ft. per min. The fuselage is of the monocoque type, with a finely 

Gliding angle 8 to 1 tapered streamline form. Its section at all points is per- 

Radius of action 3% hrs. fecUy circuUr; „ t the forward end it ia 3 ft . in. i n 

Main Planes diameter. It is built up of 3-ply spruce, except the por- 

The upper plane is in two sections with a 1° dihedral; tion from the pilot's seat to the engine, which is 4-ply. 

lower plane in two 9 ft. 6 in. sections with a 2° dihedral. Laminations are 1/16 in. thick, with coarse 1/16 in. 

Angle of incidence of both upper and lower planes, 2.1"; mesh fabric interposed to keep the glue from shearing. 

1.5 at tips. Stagger, 17°, amounting to 16 inches. No A headrest and streamline former is built onto the fuae- 

sweepback. lage top aft of the cockpit. 

Area of the upper plane, 10.6 sq. ft.; lower plane, 77.9 At the points where landing-gear struts and interplane 

sq. ft. Total supporting surface, 184.* sq. ft Loading, flying cables are attached, the body is braced with rings 
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of 1/16 in. thick U channel steel, riveted to the interior 
wall. 

Stick control is installed; the stick for longitudinal and 
lateral movements, and the foot-bar for direction. 

Tail Group 

Light-gage Shelby steel tubing is used in the empen- 
nage construction. 

The fixed tail-plane is set at a neutral angle. It is in 
two halves, attached to either side of the body. Overall 
span, 5 ft. 9 in. ; maximum depth, 1 ft. 6 in.; area, 8 sq. ft. 

Tail flaps have a span of 7 ft. 9 in. and a depth of 1 ft. 
9 in.; area, 9.S sq. ft. They are recessed into the tail 
plane so as to leave no space between the surfaces. 

The triangular vertical fin is 1 ft. 9 in. long and 1 ft. 
3 in. high. Area, 2.5 sq. ft. 

The rudder is of the balanced type, with the balancing 
portion projecting forward under the body. It is recessed 
into the tin and body in the same manner as the flaps and 
tail. Maximum height, 3 ft. 3 in. ; depth rearward of the 
rudder post, 1 ft. 11 in.; balanced portion, 7 in. forward 
of the rudder post. Rudder area, 7.5 sq. ft. 

Landing Gear 

Great simplicity is seen in the landing chassis construc- 
tion. It consists of a pair of 26 in. by 3 in. Acker man 
spring wheels attached to a 1^! "i. diameter 3/16 in. wall 
tube axle. Wheel tread, 5 ft. 3 in. 

Chassis members are lVi in. diameter 14 gage steel tube, 
streamlined with spruce fairing strips. Cross-wiring of 
heavy flexible cable. 

The tail skid is mounted on a steel tube tripod, and 
sprung with rubber shock-absorber elastic cord. 

Power Group 

The engine is a rotary 9-cylinder General Vehicle Com- 
pany's monosoupape Gnome. Bore, 110 mm.; stroke, 150 
mm. Rated h.p., 100 at 1200 r.p.m. Weight, including 
vaporiser and ignition, 272 lbs. Fuel Consumption, 12 
gallons per hour. 

To assure a good supply of rich air to the vaporizer 
when the machine is banking or spiralling, and a vacuum 
liable to occur on one side of the body, two intake ducts 
are provided, one at either side of the body. 



Detail view of the Berckmans Scout, giving I 
thus lis arrangement 



The propeller is 8 ft. 4 in. diameter with an 8 ft. 9 in. 
pitch. 

The cowl surrounding the engine is of 1/16 in. alumi- 
num, reinforced with L section aluminum angle beam. An 
opening in the side of the cowl is made for the exhaust 
of the engine, and an opening at the bottom for cooling 
the cylinders and to facilitate removal. 

Fuel is carried at either side of the fuselage interior in 
two 15 -gal Ion tanks, running from the engine bulkhead 
to the rear of the cockpit and following the contour of the 
body. A 7-gallon oil tank is located at the top of the 
fuselage interior, just forward of the instrument board. 
The fuel is sufficient for a flight of &y s hours. 



The Berckmans Scout It is equipped with a 100 h.p. General Vehicle Co.'s Gnome engine. 



The Christmas " Bullet " strutless and wireless biplane which makes a speed of 1TD miles an hour with a 6 cylinder Liberty Motor 




Details of the fuselage and tail group of the Christmas " Bullet" strut less scout biplar 



Froht -view of the Christmas " Bullet," showing the absence of struts and bracing wires 
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The Christmas " Bullet," in flight st Mineola, L. I. 



The Christmas Strutless Biplane 

Several attempts have been made for years by expert 
menters to perfect an aeroplane with flexible wing!), or 
following closely the flexibility of the wings of a bird. 
The biplane designed by Dr. \V. W. Christmas appears to 
have met with much success in the structure mentioned, 
and his theories of flexing wings have shown more prac- 
ticability than most rigid-wing adherents were apt to be- 
lieve possible. 

A most radical departure from what has heretofore been 
believed to be necessary practice is the entire elimination 
of struts, cables, and wires in the bracing of the wings, 
as well as the absence of wiring in the internal structure 
of the wings. The wing curve is one developed by Dr. 
Christmas, and is of fairly deep section between the main 
wing beams, but tapering off* sharply aft of the rear beam, 
and merging into a flat, thin, flexible, trailing edge. The 
effect of the section is to maintain a high angle of inci- 
dence as the machine is traveling at low speed, and a 
high angle ss the machine gathers speed, flattening out 
the wing and presenting very little resistance. 

Upper and lower wings have the same aspect ratio. 
Upper wing has a thickness of S inches. Patents arc 
pending on the wing construction, and full details cannot 
now be given of these features. 

With the wing section used, Dr. Christmas has suc- 
ceeded in obtaining a 72 per cent, lift on the upper wing, 
a higher vacuum than found on any other section. Wings 
arc set at an incidence of SV> degrees. 

As the wings are not braced transversely, flexibility is 
also obtained in that direction. Puffs of wind, or sudden 
changes of direction, do not sharply affect the machine's 
progress, for the shock is transmitted only after being 
partially absorbed by the resiliency of the wings. It 
would seem that such construction would result in n low 
factor of safety, but the designer claims a safety factor 
of seven throughout. 

When at rest on the ground, the wing droops in a nega- 
tive dihedral of — 7 degrees. In flight the wing tips 
have a range of flexibility of 3 feet; that is, the wings 



can assume positive or negative dihedral measuring 18 
inches from the horizontal in either direction. 

It has been demonstrated that the wings carry a load 
no greater than necessary to sustain the machine in flight, 
and this load is carried regardless of wind puffs or extra 
strains due to increased wind pressure above or below 
th' wing. 

Che principal specifications of the Christmas " Bullet," 
are as follows: 

Span, upper plane . . 3ft ft. in. 

Span, lower plane \2 ft, in. 

Chord, upper plane J ft. in, 

Chnrd, lower plane 9 ft. 6 in. 

Area, upper plane 140 sq, ft. 

Are", lower plane . , 30 sq, ft, 

I iivHi overall £1 ft. in. 

Weight, machine empty , I *»t) lbs, 

Wright, fully loaded i.100 lbs. 

Minimum speed 10-60 ra.p.h. 

Maximum speed 174 m.pJi, 

Cruising radius 550 wiles 

Ceiling M.700 ft. 

A Liberty " 6 " is used, giving 185 h.p. at 1400 r.p.m. ; 
the machine attains 170 miles at three-quarter throttle. 
The weight fully loaded is with 50 gallons of gasoline and 
5 gallons of oil, sufficient for a sustained flight of three 
hours. 

The " Ballet " was originally designed as a single seater 
lighter. The pilot has an unobstructed range of vision, 
as his eyes are at the level of the upper plane and the 
lower plane has such a narrow chord that it offers but 
very little obstruction to vision. Although military neces- 
sity does not now demand the adoption of the machine as 
a tighter, it lends itself admirably to the needs of civilian 
uses. The planes are readily detachable and are easily 
set up, as there are no wires to align. When the planes 
are removed, they can be strapped alongside of the fuse- 
lage and the machine then takes up only about one-fifth 
of the room ordinarily required for storage. The machine 
can be rigged up ready for flight in 15 minutes. 

All the controls are exceptionally easy in their opera- 
tion. The tail is flexible, and its efficiency is illustrated 
by the fact that a 1 inch deflection causes a controlling 
moment equal to that produced by a rigid flap movement 
of 4 inches. 

The two main tail beams are IV2 inches by 1% inches 
laminated spruce. A horizontal V section spruce leading 
edge is used. The battens are air-seasoned white ash. 

Ackerman spring wheels are used, which cut down re- 
sistance and do away with the usual rubber shock absorber 
cord. 

The principle of radiation is original. Besides the nose 
radiator of the " Livingston " type, copper mesh screens 
cover in the sides and top of the fuselage, forward of the 
wings, and this surface has proven adequate for the Lib- 
erty " 6." Much of the radiation is thereby effected by 
skin friction rather than by dead head resistance. 

The propeller has a 10 ft. 6 in. pitch and is 7 ft. 6 in. in 
diameter, designed for a speed of 195 miles an hour, which 
the machine is expected to make with full power. 
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The I.awson M. T. 2 tractor biplane 

The Lawson M. T. 2 Tractor Biplane 



The characteristics of the M. T. 2 a 



lately a 



Span, upper plane 3!) ft. 

Span, lower plane SB ft. 

Chord 5 ft. 2 in. 

Gap 5 ft. 1 In. 

Stagger 8 in. 

Area, upper plane (including ailerons) 200 sq. ft. 

Area, lower plane 150 sq. ft. 

Length, over all 25 ft. 

Height, over all 8 ft. 

Weight, empty 1,200 lbs. 

Weight, loaded 1,900 lbs. 

Speed range 41-90 m.p.h. 

Climb, In 10 minutes 6,000 ft. 

Gilding angle, full load I In 9 

Motor, Hall Scott 100 h.p. 

Planes 

Both wings are in two sections, the top attaching by 
hinges to hinge plugs secured in the cabane and the lower 
to plugs secured to fittings and cross tie tubes in the 
fuselage. 

The spars are of 1 section, having a high factor of 
safety (which incidentally is carried throughout the ma- 
chine on the more important parts). They are left solid 
at both internal and external strut attaching points and 
also wherever any bolts attach such as for the wing and 
aileron hinges. The ribs themselves are built of wood 
webs, reinforced with strips between lightening holes, and 
cap strips. Mahogany veneer forms the nose of the upper 
surface of both wings while false ribs are placed between 
the standard ribs from the entering edge to the front spars. 

Between spars the ribs are braced by stringers while 
bays are separated by square section struts channeled out. 

Double wiring takes all drift strains while single is used 
for truing up. These wires are given two heavy coats of 
red lead while all woodwork is given a coat of filler and a 

The trailing edge is ash, excepting at the inner ends of 
the wings and outer ends of the ailerons where flattened 
steel tubing is used. The outer edges are of steamboat 
white ash and slightly curved in plan view to take the 



tensional pull of the cloth caused through the contraction 
of the wing dope upon its application. 

Both wings are connected by two pairs of interplane 
struts on each side of the fuselage. These taper into cup 
sockets which arc fastened to the wing strut plates by a 
neat bolt and nut. The plates themselves are of the four 
bolt type whereupon the bolts clamp the spars and are 
prevented from sliding by blocks attached to the latter. 

The lift cables are all doubled and are all of % cable 
with the exception of the main lift and main landing wires, 
these being 5/32. 

The ailerons work in conjunction with each other, being 
interconnected by cable guided through neat fairleads on 
top of the upper wing. Each is equipped with two sets 
of brace arms provided with shackles to take both brace 
and control cables. The control cables run through pul- 
leys down to the fuselage where they connect to a chain 
and are safetied to each other as well. 

Fuselage 

The longerons and vertical struts are of straight grain 
ash in front and spruce in the rear. The longerons are 
left solid their complete length, while all struts, both ver- 
tical and horizontal, have been channeled but left solid at 
all points of connection. Steel tubes fitted into sockets 
are used for horizontal struts back to the rear pit and also 
to carry the load from the tail skid shock absorbers. 

Owing to the constant section of both longerons and 
struts in the rear part of the fuselage the fittings ace all 
standard and can be used at any of the stations in this 
section. The stern post is of tubing with interchangeable 
fittings at upper and lower ends to take the longerons. 
Each pit is reinforced with ash rims as well as the tension 
wires to prevent any twisting effect caused by rapid 
manoeuvering either on the ground or in the air, and it 
likewise acts as a protection in case of a " telescoping " 
landing. The whole fuselage is braced throughout by 
double cables in the front sections and wire in the rear. 

The engine bed rails rest on top of an ash cross-member 
and are secured to this by U Bolts. The whole unit is 
braced by tubes fitted with plug ends. 
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Gallaudet E-L 2 Monoplane 

Striking originality in design is shown in the twin- 
pusher monoplane exhibition by the Gallaudet Aircraft 
Corporation. Mr. Gallaudet's 1919 Sport Model has a 
high factor of safety and is easily maintained. 

Two stock " Indian" motorcycle engines are located in 
the nose of the fuselage, connected to a common trans- 
verse shaft and resting on the top of the plane, and driv- 
ing twin pusher propellers on longitudinal shafts driven 
by bevel gears. 

Engines are " oversise " models, giving 80 h.p. each at 
2400 r.p.m. Weight, 89 lbs. each. Propellers are S 
bladed (2 bladed propeller on exhibition), 4 ft 8 in. in 
diameter and 7 ft. in. in pitch. Propellers run at one- 
half engine speed, 1200 r.p.m. 

The plane has a span of 33 ft. in. and a chord of 4 
ft. 6 in. Wing tip ailerons are 7 ft. in. long and I ft. 



in. wide. Wing section, modified R.A.F. No. 15. Di- 
hedral, 178°. 

The body is of monocoque construction, 3-ply spruce 
being used. Two seats are provided, side by side, with 
single stick control. 

Tail areas: Fin, 2 sq. ft.; rudder, 4; stabilizer, 12; 
elevators, 8. 

Overall length of machine, 18 ft. 7 in. Special pat- 
ented true streamline wires brace the wings. For adjust- 
ment and dissembling a rod from one c&bane to the other 
permits slackening of the cables and removal of planes 
without loss of adjustment. Turnbuckles are therefore 
unnecessary. 

Eight gallons of fuel are carried; sufficient for 2 hours. 

With full load, a speed of 40-80 m.p.h. is attained. 
At present the machine weighs 750 lbs., but new features 
will permit a reduction in weight to 600 lbs. 



The small Gallaudet twin-motored monoplane. It Is powered with two motorcycle engines. Its sire can be estimated by c 
parison with the seaplane above it. 

The Gallaudet E-L 2 " Chummy Flyabout " Monoplane 




1 — Formation of the Gallaudet streamline cables, 
monocoque body. 3 — Right hand shaft drive from the engim 
verse driving shaft with the longitudinal propeller shaft. 5- 



' — How the upper part of the landing wheels are fitted into the 
i to the pusher screw. 4 — Bevel gear housing, connecting trans- 
Attachment of bracing cables at the cabane. 
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400 HP 

LIBERTY 12' ENGINE 
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Side view of the Amertcan- 
built Le Pere Fighter, with 
a 100 h.p. Liberty Engine 



The Le Pere Fighter 

Captain G. Le Pere, an aeronautical engineer in the plane is in three sections; a center section over the body, 

French Air Service, designed the " La Pere Fighter " with and two outer panels. Lower plane in two sections at- 

a Liberty engine. It was intended for use as a fighter or tached at lower sides of fuselage in the usual manner, 

reconnaissance plane. Upper and lower planes are similar in shape, and with 

ailerons 21% in. wide by 94 % in. long attached to both. 

Genera] Demenaions An interconnecting streamlined rod is used between each 

Span, upper plane 39 ft. 0% In. jr of ai i eroll8 located behind the outer wing struts. 

Span, lower plane 39 ft. OV. in. r . . ' . .,.,„„,„., 

Chord, both planes 5 ft. 6 in. Leading edge of upper plane is located 49 9/ 16 in. from 

Gap between planes 5 ft. 0% in. front of propeller hub. Middle struts located 94% in. 

Stagger 2 ft. 0»^j, In. from center of machine ; outer struts, 98% in. from mid- 
Length over all 25 ft. *% In. ,jj e stn its; overhang, 41 in. Interplane "strut design is 

Height over all 9 ft. 10% in. . ' , ?j .. . . ., r . . ., * 

 '" unique inasmuch as it eliminates the usual incidence wires. 

Weights _ , 

Machine emptv 2,468 Veneer is used for exterior finish. Over all length of 

Pilot and Gunner 360 fuselage, 22 ft. % in. Maximum section at the gunner's 

Fuel and Oil 475 cockpit, 82% in. wide, 45% in. deep. 

Armament 353 Center of gravity occurs at a point 6 ft. 3 in. from nose 

Total 3,655 of fuselage. 

Axle of landing gear 22% in. forward of center of 

Performances in U. S. Army Tests gravity. The landing gear wheels have a 65 9/16 in. 

Height Speed Time of Climb track and are 28 in. in diameter, 
(feet) (m.p.h.) (mln. and sec.) 

136 min. sec. Taa g, 

6,000 132 5 min. 35 sec. __ „ , . .... „„,, . , , _,, , . 

10 000 j 27 iQ m j n 55 sec Over all span of stabilizer, 98% in.; chord, 85% in. 

15^000 118 19 min. 15 sec! I* k fixe d »t * non-lifting angle, and attached to upper 

20,000 103 41 min. sec. fuselage longerons. 

Ceiling, or height beyond which the machine will not Tail flaps or elevators measure 158% in. from tip to tip. 

climb 100 feet per minute, 20,800 feet. Their chord is 31% in., and in addition to this there are 

small balancing portions extending beyond the tail plane. 

Main Planes Rudder is 30 in. wide and has a balancing portion above 

Planes are flat in span and have no sweepback. Top the fin, 25 in. wide. 



of the Le Pere Fighter 



sV5^ ^ Motored aeroplanes 



Engine Group 
A Liberty " 12 " 400 h.p. engine is used. If develops 
400 h.p. at 1750 r.p.m. Bore, 5 in.; stroke, 7 i n .; weight, 
without propeller and water, 858 pounds. Two Zenith 
Duplex carburetors are used. 

The radiator is located in the upper plane center section, 
and Its location has necessitated some slight modifications 
in the engine to increase the water circulation. 

Propeller, 9 ft. 4 in. in diameter. Front propeller 
plate projects 11% ' n - forward of fuselage nose. 

Propeller axis 15 7/16 in. below top of upper longerons. 
In flying position the nropeller hub is 5 ft. 2% in. above 
the ground line ; when at rest on the ground the propeller 
hub is 6 ft. 1% in. above ground. 

Left — Landing chassis. The tension of the rear brace wires is 
carried from one side of the landing gear to the other by a flat 
steel strap, following after the axle 
Right — Aileron, inter-connecting strut and operating lever, 
showing the means for adjustment in the upper end of forked 
terminal. 



Ordnance Engineering Scout — 80 LeRhone 

This machine was tested at Wilbur Wright Field by the 

U. S. Army. Service ceiling 13,500 ft. 

Summary of Results Weight, empty 635 lbs. 

Climb(ft.) Time Rate r.p.m. Speed r.p.m. Total weight of load • ™ 3 »">■ 



6,500 9 min. 535 1,140 94 1,175 



Total weight 1,117 1 



Ordnance Scout with 80 LeRhdnc Ordnance Scout with 80 Lelthune 




Ordnance Scout with 80 LeRhdne ' Ordnance Scout with BO LeRhone 
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pc-quarter front view of the O. E. C. 
Single Seater Scout Biplane 



The O. E. C Type* B and C Single Seater 



The type " C " is an adaptation of the Model " B " 
fighter, and with the exception that the staggers differ in 
the two types and the tanks and weight distributions are 
different, the general dimensions of the two types remain 
the same. 

General Dimensions 

Span, upper plane 36 ft. In. 

Span, lower plane 33 ft. in. 

Chord, upper plane * ft. in. 

Chord, lower plane 3 ft. 9 in. 

Gap, between planes 3 ft. ft in. 

Overall length 19 ft. In. 

Overall height (propeller horizontal) 7ft. Tin. 

Stagger 7 in. 

(»*• ft) 

Upper plane 103.3 

Lower plane 773 

Ailerons, upper plane 175 

Total wing area (with ailerons) 180. „ 

Stabiliser 1** / 

Elevators 13. / 



Fin 
Rudder 



3.08 
5.4 



Weights 

(I'oundi) 
Model B Model C 

Total weight, full load 1,390. 1,090. 

Weight per sq. ft. of Area 7.15 6.05 

Weight, pounds per h.p 8.07 13.63 



Weights, useful Load — Model C 

Fuselage 165 

Chassis 77 

Tail Group 33 

Engine 280 

Propeller 33 

Tanks 30 

Wings 150 



Total 



Gasoline 136 



Pilot 

Fire Extinguisher, 



16 



Total 3*3 

Weight Distribution 

(% of totals) 
Model B Model C 

Structural Weight 33. 34.4 

Power Plant 285 34.79 

Fuel and Oil 15.5 13-65 

Military or Useful Load 33.3 18.16 

Performances 
(Climb) 

Time 
Altitude (minute*) 

(f,ft) Model B Model C 

5/KW 3.3 8 

10,000 6.6 IT 

15,000 16. 40 

30,000 38 J 

Ceiling +2. " 



Rear view of the O. E. C. Type 1 
Gnome Engine Scout 
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The O. E. C. BO horse-power Le Rhone training scout 

(Speed) Chassis designed to stand up when fully loaded ma- 

Al " tu ?t HUttJ^SEV chine is d™PP"J from a height of 10 inches. 

(/«*() Model B ModelC cr B 

136 104 „ , 

5,000 lot Fuselage 

10 ' 00 ° M Length of fuselage, 15 ft. 11 in. Maximum section, 

15,000 90 . .. . , . „ „ , . 

*MK» 83 3 ft. 5 m. by 3 ft. 5 in. 

Ceiling 73 Fuselage designed to stand a load of SO pounds per 

Stalling Speed 51 33 sq. ft. on horizontal tail surface and dynamic loading of 5. 

(Duration) Engine section has a safety factor of 10. 

Maximum range, at 10 000 feet The instruments on the dashboard are as follows: 

Model B ModelC .. 

At full power 3>/ t hours Dl « e Magneto switch ; Phmney-W alker nn wind clock ; 

At minimum power 3 hours longitudinal inclinometer; horizontal inclinometer; Alti- 
meter (20,000 ft.); Tachometer, Signal Corps, type B; 

„ . _. and a Sperry Air Speed Indicator. The clock, Altimeter, 

. ... * „ , i _• a , i Tachometer, and Air Speed Indicator have Radiolite dials. 

Aspect ratio of upper wings, 6.5; lower wing, 6.14. , _ ' . . . . . 

S.fety f.ctor of wing tru„ .t high speed. 6; «t low , A , '»™ '" •""I"*" » conveniently mounted .1 

meed, 7. Wings h.ve no sweepb.ck nor dihedral. Dee.- llle le " °' "» ,eat - "»«*»I so .. to be pumped directly 

lege, 1 degree. Angle of upper wing to propeller ..is, »*° °"°"™"». •' « «W >* «»° »ep.r.tely. 

1.5°; lower wing, 0.5". Power PUnt 

Gap to chord ratio, 0.947. 

Wing section, R. A. F. Number 15. _ . _ _, < L * Hhft ^> . 

_....,,.,, , .. , i - The 80 h.p. Le Rhone engine develops its rated h.p. at 

Clear vision is obtained forward through an angle of F K •* H . 

, , . . . ~, , , ,, , , 1200 r.p.m. ruel tanks are mounted between the engine 

45 degrees between wings. The only blind spots are ,.,.,,. ., - .. tt 

., X i * o j c il i j oo flnd the pilot, over the center of gravitv. 

through an angle of 8 degrees for the top wing and 33 _ f, , ,. . , . „ ,, " n ., , „ 

, ° . .  " re. Capacity of gasoline tank, 18 gallons, Oil, 4 gallons. 

... _ ,. „ , , .,*.„■ 3 r- Weight of gasoline, 110 Jbs., sufficient for 2 l A hours. 

Ailerons are 6 ft. 9 in. long and 1 ft. 7 in. deep. Cen- „, .", . - 5 __ ,, at , \ t «•>/ %. r- ■• 

. „ ,, »„ . f , ... i - Weight of oil, 28 lbs., sufficient for 2% hours. Gasoline 

ter of pressure, 9 ft. 6'<4 in. to longitudinal axis. " .. ' __ , . , . rt -i ,. . a 

r ' '+ e. consumption, 0.60 pounds per b.h.p. hour. Oil, 0.13 

pounds. 

Tail Group Propeller, 8 ft. *\U in. diameter and 7 ft. S\' s in. in 

Stabiliser span, 7 ft. 6 in.; depth, 1 ft. 10 in. Center pjtdi. 

of pressure to center of gravity of machine, 11 ft. 10 in. Height of propeller axis above ground with machine 

Elevators are 8 ft. 2 in. in span ; depth, 2 ft. in. Cen- j n flying position, 4 ft. 1 1 in. ; with machine at rest, 5 ft. 

ter of pressure to center of gravity of machine, 13 ft. 4 in. 6 in. 

Rudder, 3 ft. * in. high and 2 ft. in. deep. Center of Power Plant 

pressure to center of gravity of machine, 13 ft. 4 in. (Gnome) 

Fin, 1 ft. 8 in. high, 2 ft. 10 in. deep. Center of pres- The Gnome engine is of French manufacture. At 1200 

sure to center of gravity of machine, 11 ft. 9 in. r . p . m . it j s rate d at ]60 h.p. 

Gasoline consumption, .85 pounds per h.p. per hour; 

Landing Chassis Oil, 16 pounds per h.p. per hour; Gasoline capacity. 35 

Wheels have a track of 5 ft. in. Angle of center of gallons; weight 210 pounds. Oil capacity, 4 gallons; 

gravity ground point and vertical IS 1 /-; degrees. weight, 28 pounds. 
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The Martin 

K-III Single 
Srater with a 
two cylinder 
Gnat A. B. C. 
engine devel- 
oping 45 h.p. 



The Martin K- 

Some of the distinctive feature!) of tlic Martin K-III. 
45 h.p., single-seater, are retractable landing chassis, the 
K-bar cellule truss, wing end ailerons, and sli nek -absorb- 
ing rudder, which have been patented by Captain James V. 
Martin, the American aeronautic engineer. These fea- 
tures are interesting solutions of difficult aerodynamical 
and constructional problems and show the tendency of 
modern design toward the attainment of efficiency with 
low power rather than the employment of great power to 
overcome the disadvantage of uncertain design, 

The K-III was designed as an altitude fighter, and is 
equipped with oxygen tanks behind the pilot's seat and 
provision for electrically heating the pilot's clothing. The 
seat is so located that excellent vision is obtained; visio'n 
vertical circle from dip of 5" dead ahead through jin arc of 
180°; horizontal circle 360°, transverse circle from dip of 
27'/fc° through an arc of 235°. 

The machine can light upon and start from a country 

road and can travel 22 miles on one gallon of gasoline, 

making it an economical means of carrying mail and light 

express in rural free delivery, etc. 

Dimensions 

Span, upper plane (without ailerons) 15 ft. in. 

Spun, lower plane 17 ft. 11% in. 

Chord, l«>th planes 3 ft. 6 In. 

Cap lietvi-wn planes 4 ft. 6 In. 

length overall 1.1 ft. 3% in. 

Height overall 7 ft. 4% In. 

Areas (Sq. Fl ) 

Upper plane (without ailerons) 52.50 

Lower plane 47.80 

Ailerons , 5.00 

Stabiliser 9.50 

Elevators 6.60 

Rudder 4.B9 

Weights (Lbs.) 

Engine 85,50 

Wings 60.75 

Ailerons and supports 9.50 

Chassis and retracting mechanism 16.38 

Wheels 17.50 

Struts, wires and K bars 8.25 



III Single Seater 

Oil nnd gasoline tanks 9.75 

Rudder nnd tall skid 7.75 

Damper and elevator 14.50 

Fuselage, complete 106.50 

Propeller and hub 13.6* 

Total weight 350.00 

Performance (Estimated) 
Altitude (Ft.) Time (Min.) Speed (m.p.h.) 

135 

5,000 3 113 

10,000 6 112 

15,000 II 111 

30,000 18 108 

85,000 S8 97 

(With GO h.p., 100-lb. engine — S)ieed 145 m.p.h. at 10,000 
feet.) 

Endurance at 10,000 feet: 

At full power K2 miles 

At minimum power 816 miles 

Main Planes 

The planes have neither stagger nor dihedral. 

The aerofoil of main planes is known as the " Ofenstein 
1." At 40 m.p.h. the Ofenstein wing section has a lift- 
drift ratio of 22 to 1. 

Upper plane is in a single continuous span. Wing 
ends are at right angles to the leading edge, and are 
finished off with a semi-circular termination which varies 
in radius as the wing varies in thickness. The half-round 
wing ends are characteristic of all the aerofoils of the 
Martin K-III. 

Principal wing spars for main planes are centered 14^ 
in. back of leading edge, where the trusses carrying the lift 
are direct instead of bridged between the ribs. 

The front of main wing beam is coincident with the 
most forward travel of the center of pressure. 

The lower plane is in two sections, and attachment 
made to the fuselage. Wing ends are raked at an angle of 
15 degrees. 

Intcrplane bracing is of the " K-bar " cellule truss type. 
The head-resistance is reduced 4 per cent through the 
elimination of struts nnd wires. 
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Front view of the Martin K-1II Scout, designed by Captain James V. Martin, and comprising some of the special Martin features. 
The landing gear is shown In its retracted position 



The percentage of inter-cellule interference with the 
'K-bar truss is 15% as compared with 25% in the standard 
truss; a total reduction of 40%. Of this reduction, 16% 
is due to the elimination of struts and wires while l i 1% is 
due to the increased gap obtained without subsequent 
weakening of truss or increase of structural resistance. 

K-struts centered 14 ft. from one another. The vertical 
member is 4 ft. 3\4> in. long; greatest section, l'/i in. by 
4'4 ■»• The angular members of K-struts are attached to 
rear wing beams located 18 in. back of main beams. 
These members are of steel tube faired with sheet aero- 
metal. 

The vertical member of the strut is not subject to any 
bending moment at the juncture of the inclined members, 
for the upper memher is in tension and the lower in com- 
pression, thereby neutralizing the forces at that point, 
The mid-strut fitting is designed with a view to equalising 
the moments and relieving the vertical member of all 
except the usual direct compression. 

Flying and landing wires are 3/18 in. diameter. Cen- 
ter section cross-bracing is with Vn in- diameter wire. 

The wing-end ailerons are an unusual departure from 
customary aileron disposition. They have a righting influ- 
ence per square foot of area of 4 to 1 with the added 
advantage that they do not impair the efficiency of the 
aerofoil to which they are attached. 

The ailerons have a symmetrical double convex surface 
and are so balanced that their operation requires very little 
effort. 

Ailerons are operated by means of a sliding rod running 
through the upper plane. Two cables running up the 
center panel struts cause the rod to slide from side to side. 
At the wing ends, the bar fits into a tubular collar attached 
to the ailerons. The collar is provided with a spiral slot 
or keyway through which a pin from the rod projects. 
The sliding movement of the rod causes a rotary move- 
ment of the aileron collar. This method does away with 
all exposed actuating members. 



Fuselage 

Overall length of fuselage from engine plate to rear 
termination, 10 ft. 10 7/16 in. Maximum depth. 3 ft. 
o'/'i in- (not including streamline head rest); maximum 
width, 2 ft. 2% in. 

The center of gravity is located 2 ft. 7 l / 2 in. back of the 
engine plate. 

Veneer of ply-wood is used for the internal construction 
of the fuselage. 

In flying position, the top of the rounded turtle deck is 
practically horizontal. The upper longerons as well as 
the lower hare an upward sweep towards the rear. The 
fuselage terminates in a vertical knife edge 18 in. high. 

Internal bracing of the fuselage is with solid wires 
looped over clips at the ends of cross-bracing members. 
Wires are run in series of four each, grouped in ribbon 
form. Each wire has a tensile strength of 250 lbs. each; 
at the cross-braces, they run over a 3/16 in. radius. Only 
eight groups of wires and eight turnbuckles are required 
in the internal bracing system. 

The cowling and propeller spinner are of " aerometal," 
having the tensile strength of sheet steel at one-third of 
the weight of steel. 

Where engine cylinders project from the body, half- 
conical formers carry out a streamline. 

The fuselage is designed to stand a load of 105 lbs. per 
sq. ft. of horizontal tail surface. Factor of safety, six. 

Instruments carried are: Altimeter, tachometer, gaso- 
line gage and oil gage. 

Tail Group 

The horizontal stabilizer has a span of 7 ft. 6 in. and 
width of 2 ft. 6 in. Ends are raked at a 15° angle. 

The stabilizer is located in line with the center of 
thrust. It is fixed at a non-lifting angle and supported 
from below by a pair of steel tube braces. 

Elevators are 12 in. wide and have an overall span of 
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Engine mounting, Martin K- III 



Three-quarter rear view of the Martin 
K-III fuselage 



7 ft. 10 in. For rudder clearance, the Inner ends of 
elevators are raked 30°. 

Rubber covering between stabilizer and elevators closes 
the gap between the surfaces, giving a smooth, unbroken 
outline. 

There is no fin. 

The rudder is provided with balanced areas above and 
below the fuselage. 

The tail skid is contained within the rudder. It is pro- 
vided with rubber elastic shock-absorbing cord similar to 
the customary practice. It is especially effective when 
taxying on the ground. The combining of the rudder 
and tail skid does away with considerable weight and air 
resistance while adding to the effectiveness and simplicity 
of the construction. 

The rudder is 1 ft. 10 in. wide; maximum height, S ft. 
5 in.; balanced portions project 8 in. forward of the prin- 
cipal rudder area. 

Flexible 3/32 in. cable is used for operating the rudder, 
by means of the usual foot bar. 

The elevators are actuated by means of a single % in., 
20-gauge steel tube from the control stick to a lever pro- 
jecting downward from the center of member forming the 
elevator leading edge. The fuselage terminates beyond 
the elevator leading edge, providing space for the enclos- 
ure of the operating lever. 



Landing Gear 

Ackerman spring wheels are used for the landing gear; 
these have 2 in. tires, and are 20 in. in diameter. The 
two wheels weigh 17 1 /-. lbs. Wheel track, 2 ft. 5 in. 
When the chassis is extended, the underside of the fuselage 
at the forward end is raised 2 ft. 3 in. above the ground. 
When drawn up during flight, only the wheels are exposed. 

The front of axle and the two forward struts have flat 
front faces, so that when in flying position, these members 
fit flush into the fuselage bottom. 

A hand-operated worm gear, operated during flight, 
causes the chassis to be retracted with practically no 
effort on the part of the pilot. 

The landing gear has a factor of safety of 20. 



Engine Group 

The power plant consists of an air-cooled two-cylinder 
opposed " Gnat " A. B. C. engine, developing 45 h.p. at 
1950 r.p.m. 

Fuel consumption, .56 lbs. per h.p. per hour; weight, 
50.4 lbs. Oil consumption, .017 lbs. per h.p. per hour; 
weight, 1.55 lbs. 

The fuel tank is located in the upper main plane above 
the fuselage. It has a capacity of 9.03 gallons, sufficient 
for a flight of two hours. 
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The Packard Aeroplane 

The Packard two-place tractor was designed around and Weights, Areas, etc. 

made a complete unit with the .Model l-A-744 Packard Area, main planes 387 sq. ft. 

Aviation Engine This machine will make about 100 Weight, machine em |ity 1,520 lbs. 

m.p.h. with full load, on account of its light weight and N°™al "y">B **W»» -> 1W "»• 

, . , . ..-.,.. . r , „ Weight, His. per h.p 13.5 lbs. 

clean-cut design, and yet its landing speed is as low as the W ta? kwdtaiTlwr V « " " bs - 

average training aeroplane. Permissible extra luggage 100 lbs, 

Fast cross-country trips are made possible in this ship, 
with the ability to land in relatively small fields. The 

general specifications are as follows: Performance (Estimated) 

Altitude Speed Time of Climb Fuel range 

Power Plant (feet) (m.p.h.) (minutes) (hrs.) 

Packard 8 cylinder 160 h.p. at 1523 r.p.m. Weight, 103 -2.5 

i i ... / . . . . „ , : . ,„ . 5,000 100.5 7.5 3 

complete with hub, starter, battery and engine water, 58S luooo 9H 181 35 

lbs. Fuel consumption, .50 to .54 lbs. per h.p. hour at 15 000 90.8 34.5 4 

.sea level. Absolute ceiling, 19,500 feet. 



SOME DF.TAII.S OF THE PACKARD TWO SEATER TRACTOR 




— The shock absorber arrangement The axle is square, where it runs in the chassis slot. The elastic cord is divided inlo two 
groups, one fore and one aft of the axle. 2 — The roomy suit euse loeker compartment behind the pilot's seat. A veneer 
cover wilh dovetailed edges tits over the opening. S — Double sliding cover plates are used to permit easy access to the under 
side of the engine in the vicinity of the air intake, projecting through the fuselage bottom. 4 — Wing construction. Webs are 
of thin mahogany veneer. Cap strips and triangular section lending edge of spruce. Short false ribs run from leading edge to 
main front beam. 5 — Tail skid and anchor plate for stabilizer braces 





THE '5TANDABD' EM 

GNOME 00 LE RHONE ENGINE 

SECONDARY TRAINING PLANE 
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The Standard Model E-l Single Seater equipped with an 80 h.p. Le Rhone engine. 

The Standard E-l Single Seater 

The " E-l " Single Seater was designed as a secondary Summary of Performances (Continued) 

training machine. It is provided with either an 80 h.p. (With Le RbAne Engine) 

Le Rhone or a 104 h.p. Gnome engine, but in either caw ""f^" , S P e « i T ' me °' Rate of Climb 

.. ,. . .. r , . . .. (Feet) (m.p.h.) Climb Ft.permin. 

the dimensions of the machine remain the same. 9i500 M , 6 m , n ^ ^ ^ 

The R. A. F. No. 15 wing curve is used. Dihedral, 3%; 10,000 85 93 min. 30 Bee. 200 

aspect ratio of both planes, 7; stagger, 13.02 in. There is Ceiling, 14,500 feet 

no sweepback nor decalaire. Wings are set at an angle Stalling speed, 48 m.p.h. 

. 9 o , th „ n  Gliding angle, 1:7. 

,, propeller axis. Maximum range: At 5,000 ft., 200 miles; 10,000 fL, 160 miles. 

Maximum diameter of fuselage, 42 V> in.; fineness 

ratio > 5m General Dimensions 

Power Plant Feet 

(Le Rhone) Span, upper plane 24 

span, lower plane 24 

The Le Rhone is a nine-cylinder, air-cooled rotary en- chord, both planes 3.5 

gine developing 80 h.p. at 1200 r.p.m. and 84 h.p. at 1290. Gap between planes 4 

Bore and stroke, 4 1/16 in. by 5\<> in. if "if? *"*' "l! 18 ' te 

Fuel tank located near center of gravity, has a capacity 

of 20 gallons. Fuel is consumed at the rate of .725 lbs. AreM 

per h.p. per hour. Square feet 

Oil tank, located below fuel tank, has a capacity of 3 Upper plane 81 

gallons. Oil is consumed at the rate of .03 lbs. per h.p. I-ower plane 72.3 

net hour Ailerons (2 upper and 2 lower) 83.3 

1 ' Total wing area with ailerons 153JI 

(Gnome) Stabilizer 12 

The nine-cylinder rotary Gnome, manufactured by the Elevator 12.7 

General Vehicle Company, is known as type B-2. At „ -'„ 

1200 r.p.m. it delivers 104 h.p. Bore and stroke, 1 10 mm. 

by 150 mm. Summation of Weights 

Fuel tank has a capacity of 29.5 gallons; rate of con- (With Le Rhone Engine) 

sumption, .80 lbs. per h.p. per hour. Weight In Percentage of 

Oil tank capacity, 5 gallons; rate of consumption, .20 P°" nd8 gross weight 

,. u t Power plant 434 36.4 

lbs. per h.p. per hour. Fuel and oil 140 11.8 

Pilot and miscellaneous equipment. . . . 179 15.1 

Summary of Performances Armament 28 2.4 

(With I* Rhone Engine) Body structure 141 11.9 

Height Speed Tlmeof RateofClimb Tall surfaces with bracing 36 3.1 

(Feet) (m.p.h.) Climb Ft. per mln. Wing structure 156 13.1 

Ground 100-103 min. sec. 705 Chassis » 6.8 

5,000 8 mln. sec. 705 

5,500 95 ... Total 1.188 100.0 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 



The VE-7 Training Biplane 

The VE-7 machine is designed around the 150 h.p. His- . Fuselage 
pano-Suiza 8-cylinder aeronautical motor, driving a direct Carefully cleaned-up design of extreme simplicity. Fit- 
connected two-bladed tractor air-screw. The entire tings incorporate special anti-drift details. The frame 
power-plant unit, with all accessories, is mounted in a is a box girder of steel and wood construction, unit type 
detachable forward section of the fuselage. except for detachable engine mounting, with trussing of 

double swaged wires. 

, ener ' „, „ , , Cross-section, rectangular but crowned top and bottom, 

Span, upper plane "U (I. * In. . . * . r 

Span lower plane 34 ft. 4 in. tapering to a vertical knife edge at the rear. Dimensions 

Chord. Ixith planes * ft. 8 In. at maximum section, 401/-; in. deep x 30 in. wide. 

Gap between plane* . . . 4 ft. fl in. Motor housings and cowling are of stamped sheet 

Stagjrer " in. aluminum, after portion being fabric covered. 

SS &£ :::;::::::::::::::::::: *! & I Z. <**v — *w «** u«- *** ^ «■ «**? 

enamel finished. 

Areas (square feet) Large, hinged vision doors render motor parts, control 

Main planes 297. mechanisms and tail-skid system readily inspected and 

Stabiliser IS. accessible " 

Fin 230 accessible. 

Aileron. 37.42 Seating 

Elevators 17.09 Two seats, in very comfortable tandem arrangement, in 

Rudder . . 7.8 we ]j protected and upholstered cock-pits. Front seat bc- 

„ . _, tween wings, well forward to obtain vision. Cut outs in 

Maui Planes ... j , , -,-, , . . , 

, upper center section and lower wings facilitate vision from 

Four aileron type, with cut-away top center section. . 

The incidence is differential Exceptional vision provided. Cockpit, filled With re- 
No sweepb.ck. Dihedral, H/j". Wing, are in five enf „ rceJ wind ,|, ieldl . 
units, assembled together with submerged h.nges. In- Loagltadi „^ weig |„, „„ dose-coupled, 
ternal lateral control mechanism. 

Spars are of selected spruce, I-beam section, re-enforced Empennage 

at panel points. Ribs are of unit assembly type, built up Composed of fixed, double cambered stabilizer, con- 

of spruce and ash battens, with poplar webs, while for nected dual elevator flaps, fixed vertical fin and balanced 

miscellaneous parts ash, birch and cedar are employed. rudder. All frames are of steel, welded and -brazed ti>- 

The internal bracing system utilizes double swaged gether, wood rib filled, over tubular steel and spruce spars, 
wires and forked ends attached to stamped mild steel fit- System internally braced with swaged wires and car- 
tings anchored to the main spars through neutral axles. ried externally by crossed cables and turnbuckles, giving 

Main plane fittings are submerged and the strut sockets a most rigid tail construction to withstand high stresses in 

are designed flush to the wing surfaces. " stunting." 

Wing frames are covered with approved linen, or cotton Empennage locked in place to fuselage by a series of 

fabric, specification sewed to ribs and " pinked " taped, exclusive design features. 

Surface treatment is five coats of acetate dope and two Tail units covered with wing fabric and finished to 

coats of special grey enamel. match. Doubled control wires connect up all control sur- 

Inter-plane struts are of selected spruce, solid one piece faces, 

design, tapered slightly. The strut section is of very low Chassis 

head-resistance. Type " V " strut and dual wheel design. Entire chassis 

Cellule bracing is Roebling 10-strand cable, fitted with quick detachable by removing -1- hinge pins. 

Standard turnbuckles for adjusting means. Flying wires Wheels are 26 x 4 in., shod with Goodrich Cord Tires, 

are doubled, landing wires single. Re-enforced stub axles of nickel steel operate in metal 
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guide, with floating type shock-absorbers assembled onto 
metal spools. 

Axles, spreader tubes and shock-absorber group well 
streamlined with stamped metal housings. 

" V M members of chassis are of selected bent ash, 
shock absorbers of Goodrich % in. diameter elastic cord, 
cotton sheathed. Wheels fitted with detachable stream- 
line fabric covers and special oiling device. 

Every member in the complete chassis unit is pin con- 
nected, with adequate safety locks, giving great demount- 
ability, desired flexibility and ease of production. 

Metal parts finished in blue enamel, baked on, while 
wood members are given three coats of water-proof var- 
nish. 

Tail-Skid 

Floating type skid, semi-universal and self-aligning in 
action. Is fitted with rubber cord shock-absorbers and 
renewable metal shoe. Assembly get-at-able through 
doors in side of fuselage. All parts quick-detachable. 

Radiator 

Special honey-comb type, located in nose of fuselage, 
housed in polished aluminum shell. Is equipped with 
dash-board controlled shutter system to regulate cooling. 
Total water capacity in circulating system is 9% gallons. 
Long distance water thermometer installed. 

Oil radiator protruding below the under cowl is pro- 
vided in the oiling system. Including the capacity of the 
oil tank, the circulating system holds a total of five gal- 
lons of lubricating oil, sufficient for over four hours wide 
open flying. 

Fuel Tanks 

Two in number, main under rear seat, other in cowl 
between engine and dash-board, front cock-pit. Total 
fuel. capacity is 81 gallons, sufficient for over 2% hours at 
wide open throttle around sea-level. 

Carburetor supplied by mechanical pump incorporated 
in motor. Hand air pump on dash for starting. 

Fuel shut-off cocks in both cock-pits. 



Mufflers 
Long sheet steel tubular exhaust pipes extending along 
sides of fuselage back to rear cock-pit, one on each side. 
Pipes supported by forged swivel brackets. 

Controls 
Dual stick control of new design, combined with stand- 
ard type adjustable foot rudder-bars. Control system as- 
sembled as unit and installed with 4 bolts only. Engine 
throttle lever and altitude adjustment control provided in 
both cockpits. Starting magneto crank in rear cock-pit 
only. . All controls have thumb-screw tension locking de- 
vices. Levers and parts nickel plated, polished. 

Starting 

Self-starting of engine obtained by special hand oper- 
ated starter magneto. Rear dash equipped with Lunken- 
heimer hand primer to motor to facilitate cold weather 
starting. 

Safety ignition switch visible to mechanic cranking also 
provided. 

Instruments and Equipment 

Altimeter, air-speed indicator, Waltham clock, tacho- 
meter, gasoline and oil pressure gauges, primer, Boyce 
L. D. thermometer, fuel controls and Dixie switch, all 
arranged on unit dash-board. 

Equipment includes fire extinguishers, safety belts, small 
tools roll and miscellaneous small parts replacement kit 

Engine 
Hispano-Suiza, 8 cyl., 150 h.p., water-cooled type, 
Model A. 

Propeller 
Liberty 2-bladed, walnut, 8 ft. 4 in. diam. x 5 ft 5% 
in. pitch. 

Factor of Safety 
A uniform factor of safety of 9 plus has been proved 
for the design by the latest French methods of sand load- 
ing. 



The Three-Motored White 
Monoplane 

The dimensions of the White 
Monoplanes are: 

Wing spread, 82 feet; length 
overall, 39 feet; height to top of 
fuselage, 9 feet; weight empty. 8,700 
pounds. Total horsepower, 660, 
generated by three Hispano-Suiza 
engines. Two 180 H. P. engines are 
located one on each wing on each side 
of the body. The third engine, 300 
H. P., is installed in the nose of the 
fuselage as in single-motored aero- 
planes. The wings have a sweep- 
back, raked tips and an angle of in- 
cidence of four degrees. 
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Tbe "Standard" Type E-4 Mail Plane, which has a capacity for carrying 180 pounds of maiL With t 
engine tbe machine makes a speed of 100 m.p.h. 



Hispano-Sulsa 150 lip. 



The Standard Model 

Mail is now carried between New York and Washington 
in the specially built " E t " mail machine brought out 
by the Standard Aero Corporation. 

General Dimensions 

Span, upper plane 31 ft. 4% in. 

(Span, upper plane with overhang) 39 ft. 8% in. 

Span, lower plane 31 ft. 1% In. 

Chord, hoth planes 6 ft. in. 

Gap between planes 5 ft. 6 in. 

Stagger 5% in. 

length overall 26 ft. W in. 

Height overall 10 ft. IOflfc In. 



For winter flying, overhang extensions are attached to 
the ends of upper wings, increasing the span from 31 ft. 
4% in. to 39 ft. 8% in. 

Square 
Feet 

Upper plane 174.9 

{ Upper plane with overhang) 220.3 

Ailerons (2 upper and 2 lower) 48. 

Ailerons (with overhang) 56. 

I-ower plane 163.1 

(Total wing area, with overhang) 382.4 

Stabiliser 33.7 

Elevator 32.0 

Fin 4.6 

Rudder 10.1 

Weights, General 

Pounds 

Machine empty 1,566 

(Machine empty, with overhang) 1,616 

Fuel and oil 390 

Useful load 444 

Total weight, loaded 2,400 

(Total weight, loaded, with overhang) 2,450 

Weight per h.p 14.1 

Weight per sq. ft 7.12 

(With overhang; weight per h.p.) 14.4 

(With overhang; weight per sq. ft.) 6.4 



E-4 Mail Aeroplane 

Summation of Weights 

Weight 
(lbs.) 

Power Plant 778.5 

Fuel and Oil 390. 

Pilot and miscellaneous equipment 3643 

Mail 180.0 

Body Structure 288.1 

Tail surfaces with bracing 75.5 

Wing structure 324.0 

Chassis 100.0 

Total 2,400.0 



Percentage of 

Gross Weight 

32.4 



WEIGHT SCHEDULE 
Power Plant 

Engine complete with carburetor and ignition system 455 

Radiator 74.5 

Water 75 

Fuel and Oil Tanks empty 50 

Propeller and Huhs 27.5 

Cowling 61 J 

Pipes, etc 35 

Total 778.5 

Fuel and Oil 

Fuel (60 gallons) 360 

Oil (4 gallons) 30 

Total 390 

Pilot and Equipment 

Pilot and clothing 170 

Dashboard Instrument 32.35 

Miscellaneous 62 

Total 2643 

Mail 
Mail 180 

Total 180 
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Body 

Body frame 219 

Engine bed 14 

Seats and floor 31.3 

Front and rear control 23.75 

Total' 388.1 

Tail Surfaces with Bracing 

Pounds 

Stabilizer 24.0 

Elevators 17.5 

Fin 3.0 

Rudder 9.5 

T.B., fittings, wires, etc 21.5 

Total 75.5 

Wing Structure 

Upper wing with fittings and ailerons 143.5 

Lower wing with fittings and ailerons 139.5 

Interplane Struts and cables 51. 

Total 324.0 

Chassis 

Wheels complete; Axle; Shock Absorber, and Parts 96 

3 Wheel Type Landing Gear 25 

Total 121 

Performances 
Height Speed Time of Climb Rate of Climb 

(ft.) (m.p.h.) (mln.) (ft. permin.) 

100 700 

5,300 ... 10 

10,000 ... 24 

Stalling Speed 50 m.p.h. 

Gliding Angle 1 to 8 

Maximum Range 260 miles 

Hours flight, full speed at 5,000 feet 3 hours 

Main Planes 
Both planes are swept back at a 5" angle, and both have 
a 3% or 1% C dihedral. There is no decalage; the inci- 
dence or angle of the wing chord to the propeller axis is 
SV^- 
Wing section, R.A.F. 15. Aspect ratio of both wings, 
5.2, when overhang section is not used. 

Tops of center section struts are spaced 32% in. from 
center to center. Middle struts 5 ft. 8 in. from center 
section struts; outer struts 6 ft. 3 in. from middle struts. 
This leaves an overhang of 33% in. 



When overhang section is used, top of inclined struts 
are centered 4 ft. %Y> in. from outer struts, leaving an 
overhang of 22 1 /-; in. 

The " Spad " truss is used between the planes, having a 
steel tube compression member between front and rear 
middle struts, where flying and landing cables cross. 

Fuselage 

The engine is carried on a pyramid type support. 

Mail is carried in a compartment situated at the center 
of gravity, just forward of the pilot's cockpit, 

When the machine is at rest, the propeller axis is 6 ft. 
in. above ground; in flying position it is 5 ft. in. above 
ground. In flying position, a line from wheel base to 
center of gravity makes a 14° angle with a vertical line. 

Angle between line joining wheel base and skid to a 
horizontal line, 1 1 degrees 80 minutes. 

The stabiliser is fixed at a neutral angle. 

Landing Gear 

The usual two-wheel landing gear is used, but provision 
is made for the attachment of a third wheel, as shown in 
the drawing, which adds 25 lbs. to the weight. 

Steel tube is used for chassis members, faired with 
spruce streamline stiffening pieces. 



Engine Group 

The engine is a Wright-Martin Model I Hispano- 
Suiza, giving 150 h.p. at 1500 r.p.m. and 170 h.p. at 
1700 r.p.m. 

The model I is an 8 cylinder V type with a bore of 120 
mm. (4.724 in.) and a stroke of 130 mm. (5.118 in.). 
Zenith Carburetor and magneto ignition are used. 

Engine weight, with propeller, 455 lbs. Propeller, 
9 ft. in. in diameter. 

Fuel consumption, 0.51 lbs. per h.p. per hour; oil con- 
sumption, 0.03 lbs. per h.p. per hour. Fuel tanks are lo- 
cated at the center of gravity; their capacity is 60 gallons. 
OH tanks located underneath the engine; capacity, 4 gal 

The nose radiator is of the Livingston type. Water 

capacity, 9 gallons. 



 view of the Standard Model E-4 Mail Aeroplar 



Compartment for carrying mail < 
the " Standard " Mail Aeroplar 
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Thomas-Morse S--IC single scaler advanced training scout with an 80 h.p. Le Rhone engine 



Thomas-Morse 
Type — S*4C Single-seater Scout 

' General Dimensions 

Length 19ft. 10in. 

Spread 26 ft 6 in. 

Height 8 ft. 1 in. 

Weight and Lift Data 

Total weight loaded 1330 lbs. 

Area lifting surface (including ailerons) 234 sq. ft. 

Loading per sq. ft. of lifting surface 5.7 lbs. 

Required horse power 90 

Weight of machine loaded per h.p 11.8 

Power Plant 

Type of engine HO- h.p. Le Rhone (air cooled rotary) 

Engine revolutions per minute 1250 

Fuel capacity, 30 gallons, sufficient for 3% hours' flight at full 

Oil capacity, 6 gallons, sufficient for *'/, hours' flight at full 

Propeller type 2 blade 

Propeller diameter 8 ft. 

Propeller revolutions per minute 1250 



Area Control Surfaces 

Ailerons 25 sq. ft. 

Elevators 16.8 sq. ft. 

Rudder 8.5 sq. ft. 

Horizontal stabilizer 10.8 sq. ft. 

Vertical stabiliser 3.5 sq. ft. 

Stick type control used. 

Performance 

High speed 97 miles per hour 

Low speed 45 miles per hour 

Climb in first ten minutes 



..7500 ft. 



Thomas-Morse 
Type — S-4E Single-seater Scout 

General Dimensions 

Length 19 ft. * in. 

Spread 22 ft. 6 in. 

Height 1 ft- 



Weight and Lift Data 

Total weight loaded 1 150 lu* 

Area lifting surface (including ailerons) 1*5 sq. ft 

Loading per sq. ft. of lifting surface 8 Hi.. 

Required horse power <M 

Weight of machine loaded per h.p 12.8 

Power Plant 

Type of engine 80-h.p. Le Rhone (air cooled rota.) ) 

Engine revolutions per minute 1250 

Fuel capacity, 20 gallons, sufficient for 9% hours' flight at fall 

Oil capacity, 4 gallons, sufficient for 3 hours' flight at full power. 

Propeller type 2 blade 

Propeller diameter 7 ft. 6 in. 

Propeller revolutions per minute 1250 

Type ** Vee " 

Wheels 2 (tread 5 ft.) 

Tires 26 in. x 3 in. 

Area Control Surfaces 

Ailerons 16.4 sq. ft. 

Elevators 16.S sq. ft. 

Rudder 7.3 sq. ft. 

Horizontal stabilizer 11.2 sq. ft. 

Vertical stabilizer 3.8 sq. ft. 

Stick type control used. 

Performance 

High speed 112 miles per hour 

Low speed 55 miles per hour 

Climb in first ten minutes 8500 ft. 



Thomas-Morse 
Type — S-6 Tandem Two-seater 

General Dimensions 
length 20 ft. 8 in. 

Spread 29 ft. in. 

Height 8 ft 10 in. 

Weight and Lift Data , 

Total weight (loaded) 1385 lbs. 

Area lifting surface (including ailerons) 296 sq. ft. 

Loading per square foot of lifting surface 4.68 lbs. 

Required horse power 90 

Weight of machine (loaded) per h.p. 15.4 lbs. 
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The Thomas-Morse Type S 4— F. has a wing spread of 22 feet. It weighs 1,150 pounds and is powered with an SO horse-power 
Le Rhone. It has a speed range of 5S to 113 m iles per hour and climbs 6,500 feet in 10 minutes. 

Power Plant 

Type of engine 80-h.p. Le Rhone (air cooled rotary) 

Engine revolutions per minute 1250 

Fuel capacity, 30 gallons, sufficient for 2% hours' flight at full 

Oil capacity, * gallons, sufficient for 3 hours' flight at full power 

Propeller type 2 blade 

Propeller diameter 7 ft. 10 in. 

Propeller revolutions per minute 1250 



Spread 
Height . 



Thomas-Morse 
Type — S-7 Side~by-Side Two-seater 

General Dimensions 



. 31 ft. 6 in. 
. 32 ft. 
. 9ft 



Chasala 

Type - Vee " 

Wheels 2 (tread 5 ft.) 

Tires 36 in. x 3 in. 

Area Control Surface! 

Ailerons: (four) 31.5 sq.ft. 

Elevators IG.fl sq. ft. 

Rudder 8.5 sq. ft, 

Horizontal stabiliser 14.5 sq. ft. 

Vertical stabiliser 3.5 sq. ft. 

Stick type control used. 

Performance 

High speed 105 miles per hour 

I-ow speed 40 miles per hour 

Climb in flrst ten minutes fiOOO ft. 



Weight and Lift Data 

Total weight loaded 14*0 lbs. 

Area lifting surface (including ailerons) 323 sq. ft. 

Loading per square foot of lifting surface 4.G lbs. 

Required horse power BO 

Weight of machine loaded per h.p in J lbs. 

Power Plant 

Type of engine BO-h.p. Le Rhone (air cooled rotary) 

Engine revolutions per minute 1250 

Fuel capacity, 20 gallons, sufficient for J</„ hours' flight at full 

Oil rapacity, 4 gallons, sufficient for 3 hours' flight at full power. 

Propeller type 3-blade 

Propeller diameter 8 ft 

Propeller revolutions per minute 1250 

Chassis 



Side view of the Thomas-Morse Type S-6 Tsdem two-seater 



Lower wing fitting at the left outer strut, 
Thomas-Morse Side-hy-Side Tractor; 
an eye-bolt running through the turn- 
buckle plate attaches the strut fitting 
to the wing beam 
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Thomas-Morse S-J 80 h.|i. Le Kliiine engine, side-by -si lie two-seater, designed particularly for pleasure flying. 

"Wheels 2 (tread 5 ft.) Vertical stablllwr 3.6 sq. f.t 

Tires 36 in. x 3 In. Stick type control used. 

Area Control Surfaces Performance 

Ailerons; (four) 40 sq.ft. High speed !)0 miles per hour 

Elevators 16.8 sq. ft. Low speed 40 miles per hour 

Rudder S.5 sq. ft. Climb in first ten minutes 6700 ft 

Horizontal stabiliser 14.5 sq. ft. 

The Thomas-Morse Type M-B-3, 300 H.P. Hispano Engine Fighter 




— Streamline cap at wire crossing, middle Interplnne strut, 2 — T,eft lower front strut socket. 3 — Empennage, showing the un- 
usual arrangement of the elevator lever which is run on the Inside of the vertical fin. 4 — Operating arm on top of upper 
aileron. At the right Is shown a sketch of the unique Junction for attaching streamline wires to flexible aileron control cable. 



1 Iiuii ins- Morse type MB-3 single-seater fighter, equipped with 300 h.p. Hispano- 
SuUb engine. Span, 36 ft.; length over- all, 20 ft; height, 9 ft. 1 In. Total 
weight loaded, 2050 pounds. Fuel and oil capacity for three hours' flight at full 
power. High speed — Ifi3 2/3 m.p.h., climb to 10,000 feet in 4 minutes 5? 
seconds. 



SINGLE MOTORED AEROPLANES 




General arrangement, and some details, of the French A.H. biplane 



Plan and elevation of tbe fuselage of the French A. R. biplane 
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Four views of the French A.R. biplnne 

The French A. R. Biplane 



This machine, designed by Commander Dorand, of the 
French Army, is designated as A. R. or A. L. D., according 
to whether it is fitted with a Renault or with a Lorraine- 
Dietrich engine. The machine is a two-strutter biplane 
of 13.30 m. span, and has its fuselage supported between 
the planes on ash struts. Sweep-back and dihedral angle 
are only present in the lower plane. The former amounts 
to 1 deg., while the dihedral angle is 2 deg. The top 
plane is staggered backwards 0.5 m. The gap is 1.825 
and 2 m., respectively; that is to say, in the centre it is 
0.9+5 of the chord. The angle of incidence of the upper 
plane is 2.5 deg., that of the lower plane 3 deg. 

The halves of the wings are screwed together in the 
centre of the machine. The wing spars appear to be of 
one section, covered on both sides with three-ply. Be- 
tween every two ribs, whose spacing is 300 to 340 mm., is 
a short false rib on the top surface only, running from 
the leading edge to the front spar. The wing fabric, 



which is of a cream color, is sewn to the ribs. In front 
of the trailing edge, which is formed by a wire, as in all 
French machines, eyelets are incorporated. 

The plane struts, which, with the exception of those 
secured to the body, are of hollow section, are of stream- 
line form. In order to prevent lateral bending the outer 
plane-struts are provided with a peculiar bracing. In 
addition the middle of the struts are braced to one another 
and to the bottom of the body struts. The strut fittings 
are of a very simple type, as shown in one of the illustra- 
tions. Strut sockets of sheet steel are secured to the 
spars by U bolts, the two shanks of which pass through 
the spar and are secured by nuts on the other side. Tlie 
flying wires and landing wires are anchored to the corners 
of these U bolts, while the incidence wires are secured to 
lugs projecting from and forming part of the steel plate 
bottom of the strut sockets. This bottom is simply resting 
inside the socket and is not secured in any other way. 
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The wing bracing consists of solid wires throughout, 
which are connected to the fittings and turnbuckles in the 
usual way by bending them over and sliding a ferrule of 
spiral wire over the free end. The flying wires are in 
duplicate and lie one behind the other. The space be- 
tween them is filled with a strip of wood. The external 
drift wire running to the nose of the body is wrapped with 
thin cord to prevent it becoming entangled in the propeller 
in case of breakage. Between the fuselage and the lower 
plane there is diagonal bracing in the plane of each spar. 
As, however, there is no corresponding bracing above the 
fuselage, the upper ends of the top plane body struts are 
allowed a considerable amount of play. 

Non-balanced ailerons, positively operated, are hinged 
direct to the rear spar of the top plane only. The aileron 
control cables are in the form of simple cables running 
from the sprocket wheel on the control column, around 
pulleys in the lower plane, along the lower side of the 
lower plane and under another pair of pulleys. From this 
point on they are in the form of solid wires of 2 mm. 
diameter running to the aileron crank levers, which are in 
the form of quadrants. The upper cranks of the ailerons 
are connected by cables and wires running across from 
side to side, along the upper surface of the top plane. 

At the stern of the fuselage is fixed a small tail plane to 
which is pivoted the balanced trapezoidal elevator. The 
rudder is also balanced. The rudder post is braced to the 
elevator, and this in turn to the body, by stream-line steel 
tube struts. The ends of these struts are flattened out 
and bolted to the various fittings. There is no vertical fin. 
The rudder is controlled by plain wires of- 2.5 mm. diam- 
eter. Only where they pass over pulleys have cables been 
substituted for the wires. 

The undercarriage struts are secured to the spars of the 
lower plane at the points where occur the attachments for 
the struts running to the body. The short body struts are 
braced by stream-line tubes fore and aft to the body. The 
one-piece axle rests between two cross struts of steel tube. 
The travel of the axle is not restricted. The undercar- 
riage is braced diagonally in the plane of both pairs of 
struts. 

The longerons and struts of the fuselage, which is fabric 
covered, are made of ash up to the observer's seat. From 
there they are made of spruce. The struts of the rear 
portion of the fuselage rest on the longerons without any 
attachment, and are held in place by the bracing only. 
To prevent them from sliding along the longerons the 
ends of the struts are notched to correspond with the shape 
of the wiring lugs, which surround the longerons. 

The 8-cylinder, Vee type Renault motor develops, ac- 
cording to a plate in the pilot's cockpit, 190 h.p. at 1550 



to 1600 r.p.m. The radiator is placed between the body 
and the lower plane. There is a shutter arrangement for 
varying the cooling. A water collector or tank is placed 
above the port row of cylinders. The exhaust gases are 
carried outwards to each side through short collectors. 
With the older motors the exhaust from both rows of 
cylinders was carried inwards to a common collector car- 
ry ing.it up above the top plane, an arrangement which 
greatly hampered the view of the pilot. In these machines 
the' radiator was in the nose of the body. An auxiliary 
radiator was placed below the fuselage. 

The motor is bolted to two channel section steel bearers, 
which rest on strortg sheet steel cradles. Immediately be- 
hind the engine is placed transversely the oil tank, which 
has a capacity of 7 litres. The main petrol tank, which 
has a capacity of 170 litres, is divided into three com- 
partments, and is placed behind the pilot's seat. From 
here the petrol is pumped into a small gravity tank holding 
12 litres and placed behind the engine. For this is em- 
ployed either a pump driven by the engine or a hand pump 
to the right of the pilot. If too much petrol is pumped 
through it is returned to the main tank via an overflow. 

The pilot sits in a line with the leading edge of the top 
plane. Here he has a very good view forward, but the 
view in a rearward and upward direction is very restricted. 

On the instrument board in front of the pilot are the 
following instruments: A cooling water thermometer, 
ignition control, compass, petrol cock and revolutions in- 
dicator. To the right, at the side of the seat, is the petrol 
hand pump elevator. On the left are the levers for 
advancing or retarding the ignition, the petrol and air 
levers, the radiator shutter control, and the oil cock. In 
the floor of the fuselage, in front of the rudder bar, there 
are small windows. 

In the observer's cockpit there are two folding seats, 
one in front and one at the rear. In front, behind the 
petrol tank, there are on each side racks for four bombs. 
Between these racks, through an opening in the floor, the 
photographic camera can be inserted. A shelf for plate 
holders is placed behind the port bomb racks. On the 
starboard inner wall of the observer's seat are aluminum 
plates for the switches and keys of the wireless. The 
other instruments of the wireless are placed aft of the 
seat. 

The pilot is armed with a fixed machine gun placed on 
the right-hand side above the body, and is operated from 
the left cam shaft. Firing is accomplished by Bowden 
control from the control wheel. The observer has two 
movable machine-guns, coupled together and mounted on 
a gun ring with elevating arrangements. 
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A French Bregiiet bombing machine in flight. On the 



ear can he seen twin Lewis guns mounted for u 
ipher or observer 



 of the aerial jihotog- 



The Breguet Biplane 



This biplane, characterized by two sets of struts, is pro- 
duced almost exclusively of aluminum, and is intended for 
bombing purposes. The upper planes have a backwards 
stagger of 0.21 m. and a span of 14.4- m., and are mounted 
on a eabane frame, while the lower planes have a span of 
18.77 m. 

Both upper and lower planes have large cuttings at the 
fuselage and their arrow shape amounts to 175 deg. The 
angle of incidence of the upper planes is 4.5 deg. in the 
middle and 2.5 deg. at the ends, that of the lower ones 
decreasing from 3 deg. to 2 deg. 

The spars of both planes are drawn aluminum tubes 
of rectangular section 63.6x31.6 mm. The thickness of 
the walls of these tubes amounts in the inner section of 
the upper plane to 3.6 mm., elsewhere to 1.6 mm. The 
rear spar grows thinner towards the wing tips till the 
thickness of the edge, where auxiliary spars with ash bands 
of 6 mm. thickness and 3 mm. three plywood glued to both 
sides are provided. At the points of juncture and at the 
ends of the stampings the spars are strengthened by ash 
pieces, in some instances of 1 shape. A socket of 20 cm. 
length, made of welded sheet steel of a thickness of 1.5 
mm., is provided at the strut ends of the upper planes and 
at the strut bases. These sockets and the wooden linings 
are held in position by iron tube-rivets. 

The main spar of the upper plane is strengthened in the 
interior section of a pine support of a thickness of 10 mm. 
being fixed to one side of the spar by means of small 
brass screws. The spars of the upper planes arc equipped 
with compression supports at the joints of the two sets of 
struts and the lower planes for the outer strut set, the 
support being an aluminum tube of the diameters 30 and 



exterior and interior. Further there are two 
i of a width of 40 mm., one at the beginning 
of the ailerons and one by the bomb store in the lower 
plane. The interior wiring consists of single wire. 

The ribs are very strong. They have a depth of 2 mm. 
above, of 1.9 below. A web provided with weight dimin- 
ishing holes is glued between the longitudinals of three- 
ply wood. 3 mm. thick. On both sides of the spars as well 
as at five points between them the flange is strengthened 
by glued and nailed birch laths and wrapped bands. The 
ribs are arranged loosely on the spars. The ribs lie par- 
allel to the axis of longitude, forming in relation to the 
spars an angle corresponding with the arrow shape. They 
are connected with each other by means of the veneer 
planking, reaching on the upper side from the leading 
edge to the main spar, as well as by the leading and trail- 
ing edges. Further they are connected by two bands, 
lying behind each other and alternately wound from above 
and below the ribs. The distance between them amounts 
to 40 mm. Forward and in front of the rear spar more 
\ mm. thick auxiliary ribs of plywood are arranged. To 
reinforce the aerofoil, thin birch ribs reaching to the trail- 
ing edge are screwed to the rear of the ribs on the under- 

The yellow-white colored fabric is sewed to the ribs 
and secured with thin nailed strips where exposed to the 
air-screw draught. The provisions of hooks and eyes on 
the under side of the planes behind the leading edge and 
in front of the trailing edge is to permit the draining off 
of moisture. 

The part of the lower plane lying behind the rear spar 
is hinged along its total length and is pulled downwards by 
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means of 12 rubber cords fixed on the under .side of the 
ribs, the tension of these can be adjusted by means of 
screws, an automatic change of the aerofoil corresponding 
with the load and speed thus results with an easier control 
of the aeroplane with and without a load of bombs. The 
stampings for the hinges of the ailerons and the flexible 
lower plane pieces embrace tile spars and arc connected 
with them by means of bolts passing right through. The 
spars have no linings at these points. 

The construction of the stampings of the spats is very 
simple. Several sheet steel pieces with corresponding 
angle pieces are fixed to the spars with two screws pene- 
trating them. 

The interplane struts are made of streamlined aluminum 
tubes with aluminum sockets in both ends. The inner 
struts are further strengthened by the insertion of riveted 
U irons. The aluminum employed has a strength of 10 



kg. per sq. m 
bending figure 
The 4.5 mn 
space betw 



i 1 - 



vith a stretching of 18 per cent. The 



2. 



. thick load-carrying cables are double, the 
n them being filled by a wooden lath. In the 
• the landing wires as well as those crossing 
from the upper planes forward and backwards of the 
fuselage are arranged, being wires of a thickness of 2\'-- 
mm. that arc connected with the stampings and the turn- 
buckles in a primitive way by means of eyes and spiral 
wire pushed over. To give a better support to the lower 
planes, being much stressed by the bomb store, the load- 
carrying cables are in the inner section led to the stamp- 
ing on the main ribs arranged by the bomb store, and 
thence downwards to the landing gear. The rear spar of 
the upper planes is also provided with a cable to the 
fuselage between the cabane and strut. 

The stampings for the fixing.of the wiring is constructed 
very simply. A bent sheet metal of U form and with 
drilled holes for the bolts carries the nipples of the eye- 
bolts. 

The Fuaelage 

The canvas -cove red body consists almost exclusively of 
aluminum tubes that are riveted with welded steel tube 



sleeves and spanned with wire. Only at specially stressed 
points in the front part have steel tubes been employed. 
The upper and lower sides of the fuselage arc rounded 
by the employment of fairings. 

The engine rests on aluminum L bearers that are sup- 
ported by riveted aluminum struts. Two pairs of large 
view traps are provided below the seats of the pilot and 
observer, and are operated by cable by the observer. 

The Undercarriage 

The very strong landing gear has three pairs of struts 
of aluminum streamline tubes, strengthened by U irons 
riveted in, and resting below on horizontal steel tubes. 
The wheel shaft rests in an auxiliary one of steel sheet 
in U shape welded on. The back root points of the struts 
are connected by means of a second steel tube auxiliary 
shaft, welded on, and by a tension band lying behind. A 
diagonal wiring is further provided horizontally in the 
auxiliary shaft level. The streamlining of the shafts is 
cut out in the middle behind the front auxiliary shaft to 
improve the sight downwards. There is only a diagonal 
wiring to the fuselage in the level of the middle struts. 

The ash tail skid hangs in rubber springs from the 
fuselage and is strengthened in the rear end by a cover- 
ing of a rectangular aluminum tube. Its wire stay is sup- 
ported in the rear stem by a spiral spring. Leaf springs 
are further fixed to the end of the skid. 

Tail plane, rudder and elevator are of welded thin steel 
tubes. 

The aeroplane is equipped with complete dual control. 
The control in the observer's cockpit can be removed. 

The ailerons are interconnected. The twin control 
cables run behind the rear spar of the lower planes to 
two direction changing rollers resting on a shaft. Here 
they part and are led as separate wires of thickness of 2 
mm. to the underside of the aileron. In the upper planes 
the ailerons are connected by control cables, governing 
two levers in each side. The ailerons are balanced and 
welded to a common shaft. 



A squadron of French Brcguet bombing machine) 
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The Sopwltfa biplane, hi which Harry Hawker attempted to fly a 



The Sopwith Machine 

The Rolls-Royce engined Sopwith transport type spe- 
cially designed for crossing the Atlantic, is of the vertical 




Scale plans of the Short and 6opwtth< transatlantic type aeroplanes 



biplane type, the wings having no stagger. Pilot and 
navigator are seated well aft, so as to give a large space 
in the fuselage between them and the engine, in which to 
fit the large petrol tank required for the great amount of 
fuel that has to be carried for a 
flight of this duration. 

The cockpit of the occupants is ar- 
ranged in a somewhat unusual way, 
the two seats being side by side, but 
somewhat staggered in relation to one 
another. The object of this seating 
arrangement is to enable them to 
communicate with one another more 
readily and to facilitate "changing 
watches " during the long journey. 
The very deep turtle back of the fu- 
selage is made in part detachable, the 
portion which is strapped on being 
built so as to form a small lifeboat in 
case of a forced descent at sea. 

The Short Machine 

Fundamentally the Short machine 
entered for the race does not differ 
greatly from their standard torpedo 
carrier known as the " Shirl." It 
is a land machine fitted with wheels. 
In the place between the chassis 
struts usually occupied by the tor- 
pedo in the standard " Shirl " is 
slung a large cylindrical fuel tank 
which, should the necessity arise, can 
be quickly emptied so as to form a 
float of sufficient buoyancy to keep 
the machine afloat for a considerable 
period. In order to be able to 
carry the extra weight of fuel neces- 
sary for the long journey larger 
wings have been fitted, having three 
pairs of struts on each side instead 
of the two pairs fitted on the 
standard machine. 
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The transatlantic flight type Martinsyde biplane at St. John' 

The Martinsyde Type 

The machine is more or less of standard Martinsyde decrease in fuel weight 



type, with the occupants placed very far aft to allow of 
mounting a large fuel tank in the middle of the fuselage, 
in the neighborhood of the center of gravity where the 




the fuel is used up will not 
alter the trim of the machine. In outward appearance 
it does not present any radical departure from the . 
standard. It had the distinction of being the lowest 
powered machine in the race, the engine being a Rolls- 
Royce " Falcon " of 285 h.p. 

The general specifications of the Martinsyde are as fol- 
lows: 

Span, both planes 43 ft. 4 in. 

Chord, !>oth planes 6 ft. 6 in. 

Gap hetween planes 5 ft. 6 in, 

Area of main planes SOOsq. ft 

Overall length 37 ft. 5 In. 

Overall height 10 ft. 10 In. 

Fuel rapacity 373 gallons 

Cruising radius -'.uoo miles 

Speed 100 to 125 m.p.h. 

Captain Frederick Philips Raynham, the pilot of the 
Martinsyde aeroplane, went with the Martinsydes in early 
development days in 1907 and was with them when they 
began monoplane production in 1908. When the war 
began Martinsydes turned to building biplanes and the 
present machine is but slightly modified from their latest 
fighter. The machine for the transatlantic flight was 
taken from stock and still carries its original equipment 
such as used during the war. 



The Martinsyde " Raymor " 
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FRONT ELEVATION. 



SIDE- ELEVATION. 

Line drawings of the Grahame- White Aero Limousine equipped with two 270 h.p. Rolls-Royce motors and tractor propellers. 



Grahame-White Aero Limousine 



The machine accommodates four passengers and a pilot, 
the latter in a separate compartment behind the pas- 
sengers, who have a perfectly clear view forward, down- 
ward and sideways. The limousine body is as luxuriously 
equipped as a modern interior-drive motor-car, and is 
equally commodious. Unsplinterable glass windows, both 
wind and draught proof, are fitted, and it will no longer 
be necessary, when using such a machine, to clothe one- 
self specially for flying. The limousine has a heating ap- 
paratus, a ventilating system, and a speaking tube connects 
it with the pilot's compartment. A specially-designed 
system of maps, under the control of the pilot, indicates 
to the passengers at a glance, and at any time, their exact 
position during a cross-country flight. The raised posi- 
tion of the pilot ensures him a clear outlook, and he is 
ideally situated for controlling both the machine and mo- 



tors. The two 270 horse-power Rolls-Royce motors are si- 
lenced as effectually as is the engine of a car. The use of 
two motors, either of which is sufficient when running 
alone to maintain the machine in flight, eliminates almost 
entirely the risk of a forced landing. The machine has a 
speed of 105 miles an hour, and will fly in anything up 
to a 40-miles-an-hour wind in perfect safety, and without 
discomfort to the passengers. With the motors throttled 
down, an easy touring speed of 60 miles an hour can be 
maintained. The four-wheeled chassis, designed on mo- 
tor-car lines, gives a maximum of strength and efficiency, 
and is fitted with special brakes which bring the machine 
quickly to a standstill on landing. It will also rise from 
the ground after only a very short run. The wings fold 
back, as shown below, to reduce housing space. With 
wings folded the span is reduced from 60 feet to 29 feet. 



Two Salmson engines are used. Note the wing end 



SINGLE MOTORED AEROPLANES 



The German Gothas, the Aviatiks and the Ago biplanes 
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^ Scale drawing, with dimensions in milimeters, of the Type 17 Nieuport scout 

The Nieuport 1% Planes 



An immediate step in the transformation from the mono- 
plane to the biplane is formed by the biplane with a larger 
top plane and a smaller bottom plane. This type, pro- 
duced by the Nieuport firm has speed and ease of handling, 
which is characteristic of the monoplane, and stability and 
short wing span, which is found in biplanes. 

The Nieuports may be divided into three main types — 
Type 11, a single-seater with rectangular body up to the 
engine cowl, and the cowl covering the upper end of the 
motor only; Type 12, which is a two-seater, having its V 
shape interplane struts sloping outward, toward the top. 
In this type the top plane has a fixed center section and is 
covered with transparent Cellon sheets to give a better 
view. The power is provided by a 110-h,p. Clerget en- 
gine. The observer sits behind the pilot. The Type 17, 



of which we give here a line drawing, is a single-seater, 
with a circular front section, and some of this type have a 
spinner over the propeller boss. The general arrange- 
ment resembles that of the Type 11. 

The ailerons are mounted on steel tubes, inside the ring 
and running along the back of the rear spar to the body. 
These tubes are operated from the control lever by means 
of cranks, pull-and-push rods and a crank lever. The 
cranks are hollowed out to provide clearance for the rear 
spar. The top plane has slots cut in it for the cranks. 
The pull rods are connected to the crank lever by ball 
joints. The hand lever and the rudder pedal are the kind 
usually used. 

The top of the rear portion of the body is covered with 
curved veneer. The tail skid is supported on a structure 
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Thtf Xieuport scout aeroplane flown by American airmen in France. It measures only 15 meters from tip to tip, and is driven In 
a l(iO horse-power Gnome motor and a French propeller 

of veneer projecting down from the framework of the min., 9900 ft.; 16 rain., 13,200 feet. The lift loading of 
body. the machine per sq. ft. equals 8.3 lbs., and the power load- 
Tin; machine-gun is rigidly mounted over the center of ing, 12.1 lbs. per h.p. 
the body, directly in front of the pilot. The propeller is a Levasseur, of 2500 mm. diameter and 

Herewith are the dimensions and weights of one of the a blade width of 270 mm. 
Nieuports: Comparative table of the three above mentioned types: 

The Type n Single Seater No „ No u No *,. 

Span upper plane H ft. 8 in. Mo , or L* Rhone, B0 Clerget, 110 Le Rhone, 110 

Span lower plane f "' ? "• Top Span 7,520mm. 9^00 mm. 8,300 n. in. 

Chord, upper plane 3 ft 1 n. Bo |, om s , ^ 1jm lfm 

Chord lower plane 2 ft. a in. T chord li300 1>8i0 1J30 

Overall length IS ft 10 n. Bo f tom chord T00 900 730 

" el F hl , ■••■■' S "• * '"■ Total Area 13.85 sq. m. 23.3 sq. m. 15.6 sq. m. 

Area, upper plane with aderons 97 sq ft. Incldencei Top t (1 w min . 8 de a, mln . 2 d 30 min . 

Area, lower plane 49.5 sq.ft. , ndde Bottom 3 d s 3 d 30 mjll . 2 d „ s 

Area, rudder 6 sq.ft. B B 

Area, ailerons ; :. 14 sq. ft. r—  - ~ — ~  " - 7 

Area, stabilizer .1.11 sq. ft. ' t 

'Area, elevators [14.5 sq. ft. 

Stagger S» ft. 3 In. 

Dihedral, upper 179° 

Dihedral, lower 174° 

Sweepbaek 170 degrees 30 min. 

Incidence, upper 1 degree 30 min. 

Incidence, lower 3" 

Power plant 80 h.p. Le Khone 

Propeller, diameter 8 ft. 3 in. 

List of Weights 

Upper plane with fittings 79 lbs. 

Lower plane with fittings 33 lbs. 

Tail plane 7.7 lbs. 

Elevators 9.5 lbs. 

Hudder 0.8 lbs. 

Body with engine, complete 583 lbs. 

Wire stavs 7.7 His. 

Wheels 23.4 lbs. 

Interpiane struts II lbs. 

Gross weight, empty 760 lbs. 

Pilot 170 lbs. 

Gasoline (30"/, gallons) 131 Hw. 

Oil (5 gallons) 44 lbs. 

Machine gun and ammunition 110 lbs. 

Useful load 451 lbs. 

Total weight, loaded 1,210 lbs. VJew of , he [orward end of a Nleuport, showing the cowling 

completely surrounding the motor, which distinguishes the 
The climb in 4 minutes is 3300 ft; 7 min., 6600 ft.; 11 Type 17 
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A X import Scout with twin Lewis guns anil fixed Vickers gun 




A 1916 French Nleuport Scout in flight 



Nieuport Biplane equipped with I 
Clerget motor 



Testing out a 120 h.p. Le Rhone motor o 
13 meter S'ieuport type 23 
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v of the Salmson biplane, equipped with the Salmson motor 



A French Salmson biplane. Two seated, it is used for artillery observation and contact patrol 



1 250 h.p. Salmson stationary radial I 
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This type of plane has been used by many of the best 
Allied aviators. 

Approximate general dimensions of the S VII are as 
follows : 

Span, upper plane (7.800 metres) 25 ft. G in. 

Span, lower plane 25 ft. 6 in. 

Chord, both planes ( 1.400 metres) 4 ft. J In. 

Gap between planes (1,225 meters) 4 ft. 2 in. 

Overall length (H.100 meters) 20 ft. in. 

Total weight 1,425 lbs, 

Useful load 470 Ihs. 

Climb In 10 minutes 9^00 ft. 

Speed at sea level 132 m.p.h. 

Speed at 3,000 meters 1Z6 m.p.h. 

Motor, Hispano-Suiia V type 160 h.p. 

Both planes are nearly rectangular in plan, the ends 
being square and not raked, with corners slightly rounded 
off. The deep cut-out portion of the top plane, over the 
pilot's seat, as well as the close spacing of the interplane 
struts, shows a large area of plane surface aft of rear 
wing beams. As the ailerons are comparatively narrow, 
they must be carried on a subsidiary wing spar located 
about 9 inches back of the main beam. 

It will be noticed that the interplane bracing is unusual; 
the wires from each side of the fuselage extend directly to 
the end struts, crossing at the intermediate struts. Where 
the wires cross there is a steel tube brace connecting the 
forward with rear intermediate wing struts. 



The French Spad biplane equipped with Hlspano Suim motor 

The Spad Scout, Type S VII 



The fuselage is exceptionally deep, and tbe bottom is 
curved below the lower longerons as well as the sides and 
top, giving a smooth streamline effect. The fore end of 
the machine, which houses the motor, is covered with 
aluminum, with a circular radiator, opening, which resem- 
bles the cowling of a rotary motor. Protuberances on 
either side of the cowl show where the camshaft covers 
of the Hispano-Suiia motor project. Perforations are 
made in the cowling, about the motor projections, for the 
admission of air. 

The rudder is hinged at a point about 10 inches beyond 
the fuselage termination. The usual fixed stabilising 
plane and elevators are employed: The vertical fin ex- 
tends 12 indies forward of the leading edge of the tail 
plane. 

Wheels of the landing gear have a track of 5 feet; the 
axle runs in slots which guide it up and backward in line 
with the rear chassis struts. Shock absorption is with 
rubber cord. 

The Hispano-Suiza motor develops 160 h.p. at about 
1500 r.p.m. Eight cylinders arranged V type, water- 
cooled, four-cycle, 4 .7 2 45 -inch bore by 5.1182-inch stroke; 
piston displacement, 718 cu. in. Weight, including car- 
buretor, magnetos, starting magneto, crank and propeller 
hub, but without radiator, water or oil and without ex- 
haust pipes, 445 lbs. Fuel consumption, one-half pounds 
of gas per horsepower hour; oil consumption three quarts 
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A French Spad biplane. It is a single seater and was used for pursuit work. It is equipped with two syn- 
rhroTilwd machine guns and Is driven hy a Hispano-Suixa motor of 230 h.p. 



Bear view of the 220 h.p. HJspano-Suita Spad blplam 



 of the Spnd biplane. Note the metal interplane struts, the "Eclair" propeller, and open cowl. 
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the hub of the propeller, and also two fixed synchronized guns 



Side view of the Spad Canon Single Seater. 220 h.p. Hispnno-Suiwi engine. The motor Is completely enclosed i 
The excellent streamline shape of the fuselage can be seen from the photograph 




A Spad 11-A2 Two Seater. Fngtne: 235 h.p. Hispano-Suiio. 

 L'sed tor observation purpioses. Speed at (1501 leet: 112 miles 
Iter hour. Climb to 16,500 feet in :H minutes.' Endurance at 
ground level: 2 hrs. 15 min. Armament: one stationary gun 
and 2 flexible guns. Crew: one pilot and one observer. 
Equipment i Radio and camera 
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Outline Sketch of Bristol Scout 
With Le Rhone Enoinl 



side VIEW 
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Outline 5hetch or SA/srot. Scour 
With LeRhone Enqine 



Bristol Scout— 80 Le Rhone 



The Bristol Scout was adopted by the United States 
Army for advanced training in 1918-19. 

Tests of the Bristol Scout at Wilbur Wright Field gave 
the following results: 

Speed (ft.) M.p.h. R.p.ra. 



6,500 



1,315 



10,000 75 


1,170 


Climb (ft.) Time 


Rale ( 


6,500 11 min. 45 sec, 


410 


10,000 -23 min. 26 sec. 


240 


Service ceiling (climb 100 ft. per min. 


13,000 ft. 




. 789 lbs. 







Bristol Scout with 80 Le Rhone 



Bristol Scout with 80 Le Rhone 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 






top view ~^ar 

USB-1 FIGHTER WITH 300 HP HSPANO • SUIZA ENGINE 



U. S. B.-1 British Fighter 

Summary of Results U. S. B-t 

Weight, empty 1,842 lbs. 

I'seful load 731 lbs. 

Fuel and oil SI* lbs. 

Total weight 2,910 lbs. 

['omuls per sq. ft 7.05 

Pounds per h.p 9.7 

Gasoline consumption 133 lbs. per hr. 

OH consumption 8 lbs. per hr. 

Climb (ft.) Time R.p.m. Speed It.p.m. 

114.3 1,760 

6,000 5 min. 35 sec. 1,600 113.6 1,700 

10,000 10 min. 43 sec. 1,600 109.3 1,660 

15,000 19 min. 30 sec. 1,600 101 1,600 

Theoretical ceiling 35,000 ft. 



300 Hiepano-Suiza U. S. Army Tests 



U. S. B-l with 300 Hispnno-SuU 




U. S. B-l with 300 Hispnno-Sui 



U. S. B-l with 300 Hispano-SuUa 
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FRONT VIEW 




USB-I FIGHTER WITH 300 HP HISPANO- 5UIZA ENGINE 



l". S. B-l with -TOO l]i-|)!iiio-Sian 



Mar tins yde Scout with 300 Hispano-Sul 



Bristol Scout will. 80 l.c Hhoi 



Bristol Scout with BO I* Rhilne 
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UaB-E FIGHTER WITH E90 KR LIBERTY ENBINE 



L'. S. B-.' with Liberty • 



U. S. B-J with Liberty "8" 




V. S. B-J with Liberty " 8 " 



C. S. B-3 with Liberty " 8 " 
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Jlartiiisyile Scout with 300 Hispano-Suiza 



Martinsydc Scout with 300 Hispano-Suiza 



Martinsyde Scout — 300 Hispano-Suiza 

Summary of Trials (British) 

Duty — Fighting. 

Engine — Hispano-Suiza, 305 h.p., at 1800 r.p.m. 

Propeller — D.B.G.L. 5270. Dia., 2740. Pitch, 2080 
(marked). Dia., 2693. 

Military load — 281 lbs. 

Total weight, fully loaded — 2289 lbs. 

Weight per sq. ft. — 6.95 lbs. 

Weight per h.p.— 7.5 lbs. 

M.p.h. R.p.m. 

Speed at 10,000 ft 148.4 1,850 

Speed at 15,000 ft 136.5 1,195 

R.ofC.ln 

Min. Sec. ft./min. I.a.s. R.p.m. 

Climb to 10,000 ft.. 6 40 1,176 70 1,010 

Climb to 15,000 ft. II 45 850 65 1,595 

Climb to 20,000 ft. 19 40 480 60 1,570 

Service ceiling (height at which rate of climb is 100 
ft./min.) — 25,300 ft. 

Estimated absolute ceiling — 26,800 ft. 



Greatest height reached — 24,700 ft., in 87 mins. 
Hate of climb at this height — 1 40 f t/min. 
Air endurance, about 2*4 hrs. at full-speed at 15,000 
ft., including climb to this height. 

Radiator Temperature Readings on Climb 



Aneroid 


Atoms. 


Rad. 


Pos.of 


Height 


Temp. C." Temp. C. a A.SJ. R.p.m. 


Blinds 


3,000 


13 


90 77 1,630 




5,000 


T 


88 74 1,620 


Open 


10,000 





78 69 1.610 


Open 


15,000 


_8 


78 65 1,595 


Closed 


20,000 


— 18 


73 60 1,575 


Closed 




Oil Temperature Readings on Climb 




Starting with oil tank full. Castor oil, 4 gallons. 


Aneroid 


Atmos. 


OH Engine Oil Pressure 


Height 


Temp. C 


* Temp. C." Temp. C. a lbs./sq. ft. 


6,000 


6 


60 7* 




10,000 





75 78 


70 





^1 




U.5.B-5 F1EHTER WITH E3DH.fi LIBERTY ENGINE 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 



E A *03. Engine: Lorraine 390 h.p. Two Sealer Pursuit Biplane. Speed at 6500 ft.: 199 miles per hour. Climb to 17,000 ft 
in 31 min. Crew and armament: Pilot has two fixed guns. Gunner baa two flexible guns. Endurance at ground consump- 
tion: 2 hrs. 30 min. 



Ilauriot Dupont HD 3-C2. Engine: Salmson 270 h.p. Two Seater Pursuit Biplane. Speed at 6500 ft: 1*8 miles per hour. 
Climb to 16,500 ft. in 35 min. Crew anl armament: One pilot with two fixed guns. One gunner with twin flexible guns. 
Endurance at ground consumption: 2'/ t hours. 



Side view of the Hanriot Dupont HD 3-C2 with Salmson 370 h.p. Side view of the SEA 403 with Lorraine 390 h.p. motor 
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American S. E. 5 with 180 Hispa no- Suiza 



American 5. E. 5 with 160 Hispa no- Suiza 



The English S. E. 5 Single-Seater Fighter 



This biplane has a surface of 22.8 square metres, and 
both planes, connected with but one pair of struts to each 
side, have a span of 8.15 metres, and a chord of 1.52 
metres, the gap from the top of the fuselage amounting to 
0.45 metre. 

No arrow-shape prevails. The V-shape of the equal- 
sized ends of the upper and lower planes mounted on the 
centre section and respective body rudiments amounts to 
1.71 degrees. 

The sight field is improved by cutting the centre section 
in the middle and the lower planes near the body, 



Above the angle of incidence is 5 deg. mean, below by 
the body fl deg., by the struts 5 deg. 

Both plane spars show sections of I shape, whereas 
the longerons are steel tubes of 1.75 millimetre thickness, 
and *5 mm. outer diameter. 

There are no compression struts between the spars, 
some of the ribs being solid struts instead, 

The interior wiring of the planes between the body and 
the struts is carried out in simple profile wire, that of the 
overhanging ends of thick-ended wire. 




5-E-5 Plane with Hispano-Suiza Engine 
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Top V*ew 



5-E-5 Plans with H/spano-Su/za £n6/n£ 



A wood strip forms the back edge of the planes. Fur- 
ther, two auxiliary ribs ranging from the leading nose edge 
to the main spar are arranged between each two ribs. 

The fabric is sewed together with the ribs, and is 
painted yellow below, browned above, as is the fabric of 
the body. Shoe-eyes are arranged on the underside of the 
trailing edge of the plane to assess the pressure. 

The centre section struts are covered steel tubes. The 
plane spruce struts rest in long stampings, serving as fix- 
ing points of the vertical wiring. 

Profile wire is employed for the plane cross wiring 
with twin wires for those carrying load and single for the 
counter ones. 

The two spars of the upper planes are strengthened 
further between the centre section and the struts with two 
wires each. Unbalanced ailerons are hinged to the back 
crossbar of the upper and lower planes. 

The body shows the usual strut and wire combination, 
being rounded above with half-circle frames and fairings, 
and having three-ply wood planking of 4 millimetre thick- 
ness to the pilot's seat. Fuselage longitudinals and struts 
have sections of I-shape, except the vertical struts behind 
the pilot's seat, which are worked out round. 

The tail-plane is curved to both sides and fixed to the 
body, so that the angle of incidence can be varied during 
the flight within the limits -f- 4.5 deg. and — 3 deg. To 
this end the front spar is turnable, while the rear spar, 



with its wiring, is fixed to a tube, arranged shiftable to the 
body stern post. This tube rests with a piece of thread 
in a gear-nut, again resting in the stern-post fixed, yet 
turnable. 

When the nut is turned from the pilot's seat by means 
of wheel and cable, the tube is displaced upwards or 
downwards, transferring thereby the same manoeuvre on 
the rear spar of the tail-plane, and thus its angle of inci- 
dence changes. 

The elevator hooked to the fixed tail-plane partakes in 
this movement. The wires for operating the elevator arc 
led through the body and tail-plane, which certainly saves 
air resistance, yet makes twice a 20 deg. direction change 
of each wire necessary. Main and tail-planes are equipped 
with cellon windows, rendering a control of the rollers 
possible. 

The under-carriage shows the normal form. The 
tli rough-running axle rests between two auxiliary ones. 
There is no limit of the springing range. 

The tail skid shows an unusual construction, being ar- 
ranged turnable behind the stern post and connected with 
the rudder cable by intermediance of springs. A brass 
skid bow is sprung by means of two spiral pressure springs 
which are prevented from sideway turning by inserted 
telescope tubes. 

According to the firm's sign board the Wolseley-His- 
pano-Suiza engine gave the 30th August, 1917* on brake 
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2116 h.p.= 20S P.S. at 2005 revolutions. The r.p.m. of 
the four-bladed airscrew is geared down in the ratio of 
■i to 3. 

The exhaust gas is led behind the pilot's seat in two 
tubes to each side of the body. The motor sits so that 
there is free accessibility after removing the bonnet. The 
radiator forms the bow of the body. 

A cover arrangement makes it possible to uncover the 
body about half way from the pilot's seat. 

The main petrol tank of 120 litres' capacity is placed 
behind the motor on the upper fuselage longitudinals. A 
gravity tank of 17 litres capacity is arranged in the centre 
section between the leading edge and the main spar. The 
oil tank of a capacity of 11 litres lies cross in the engine 
frame below the rear edge of the motor. 

The fuel suffices for a flight of about two hours' dura- 

* Following instruments are arranged in the pilot's seat: 

To right: A box for the light pistols; a contact breaker 
for the self-starter; a contact breaker for the two mag- 
netos; a triple led cock for the gravity and pressure petrol; 
a triple led cock for the hand and motor air-pump; a 
thermometer for the water of the radiator; the petrol 
gauge placed on the back side of the main tank, and a 
manometer for air-pressure. 

To left: Gas lever; lever for regulation of the gas in 
altitude flights; lever for operating the radiator blinds, 
clip for three light cartridges. On the bottom is further 
arranged a hand-pump for the hydraulic machine-gun gear; 
two boxes for drums for the movable machine-gun and the 
self-starter. 

A square windshield of Triplex glass is placed in front 
of the pilot's seat. Behind it a box is arranged in a queer 
position to the body with access from outside. 

The fixed Vickers' machine-gun lies to left of the pilot 
inside the body fabric. The cartridge girdle is of metal. 
The firing of the maehinc-gun takes place hydraulically 



by means of a control arrangement, placed in front of the 
motor and connected with the machine-gun through a cop- 
per main, as well as driven from the air screw by a gear 
set. The firing lever sits on the stick. 

On the bow-shaped iron band lying on the centre sec- 
tion rests a Lewis gun, which can be pulled down during 
the flight to permit vertical firing. 

The empty weight of the aeroplane was worked out at 
706 kilos, distributed as follows: 

Kilos. 

Engine 235.0 

Exhaust collection 12,0 

Self-starter 3.6 

Radiator 23.B 

Radiator water 31.0 

Air screw i . v, 26.6 

Main petrol tank .*.* 17.8 

Gravity pelrol tank .....\...:- 6.5 * 

Oil tank .„. ." 3.9 

Motor equipment 6.1 - 

Body with seat and plate covers 151.0 

Tail-plate angle of incidence change arrangement 1.0 

Under carriage 40.8  

Tail skid , 3.7 

Pilotage arrangement 5.4 v. 

Planes with wiring 112.8 

Vertical and horizontal wiring 31.0 

Body equipment 14.0 

706.0 

The fuel weight amounts with fully loaded tanks to 1 1 1 
kilos, so that the total useful load can be calculated at 
250 kilos, the total weight working thus out at 956 kilos: 
956 

The load of the planes is thus: =42 kilos per 

22.0 v 

square metre. 

The performance load is then : -— - = 4.78 kilos per 

horse-power. 




Tail plane incidence gear of the S. E. 
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American S. E. 5 with 160 Hlspflno-SuUa 

S. E.-5 — 180 Hispano-Suiza 

BRITISH TRIALS 

The American machine of this name completed its tests 
under U. S. army supervision in 1918. 

For comparison, the summary of results on the British 
and American S.E.-5 is given, as determined at Wilbui 
Wright Field: 

Summary of Results — S. E.-s (British) 
Climh (ft.) Time Bate R.p.m. Speed 



American S. E. 5 with ] 



i Hispano-Suiia 



Climb (ft.) 
15,000 

20,000 



R.p.., 



50 mil.. IT s 



rt.p.m. Speed 

1,800 107.5 1,963 

1,780 85 1,820 

19,400 ft 

£.031 lbs. 



Summary of Results — S. E.-s (A: 
Climb (ft.) Time Rate R.p. 





6,500 8 min. 750 


1.800 


120 




10,000 13 min. 590 


1,800 


117 




15,000 22 min. 10 sec. 350 


1.800 


109 


a,ioo 


20,000 50 min. 30 Sec, 1+0 


1,790 


92,5 


'■.080 


Service celling (where climb is 100 ft 




I 


2,0i0 


Total weight 







A squadron of British aeroplanes, type S. E. 5 



SINGLE MOTORED AEROPLANES 







Drawings of the Sopwith Camel, equipped with 130 h.p. Clerget motor 



A flight of Sopwith "Camels" over a British aerodrome 
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Three views of the Sopwith biplane called 
the "1!4 Strutter." The fuselage is 
similar to that of the triplanc. 



The British Sopwith Planes 

The Sopwith Aviation Company has turned out several 
models of fighting machines which have proven very suc- 
cessful. One of the best known types is called the "Pup " 
and possesses very great speed. It is a two-seated tractor 
and is frequently referred to as the 1 '/■.■ " strutter." Com- 
plete details of the Sopwith machines are not available at 
the present time. 

The motors used are the Clerget, Gnome, Le Rhone, or 
G n omc-le- R h o ne . 

The Clerget 90 h.p. motor weighs 234 pounds, has seven 
cylinders with a bore of 120 mm. and a stroke of 160 mm. 
The 100 h.p. motor weighs 380 pounds, has nine cylinders 
with a bore of 120 mm. and a stroke of 160 mm. 

The overhead inlet and exhaust valves are mechanically 
operated, driven independently by two eccentrics — a dis- 
tinctive feature ; pne crank, single and dual ignition, alumi- 
num alloy pistons. The crankshaft serves as an induction 

The Le Rhone motors are built in sizes delivering 60, 
80, 110 and 150 h.p. at 1200 r.p.m. The 60 h.p. has seven 
cylinders, with a bore of 105 mm. and a stroke of 110 mm. 
It weighs 199 pounds. The other motors have nine cylin- 
ders. The 80 h.p. has a bore and stroke of 105 x 140 mm. 
and weighs 240 pounds; 110 h.p., bore and stroke 112 s 
170, weighs 308 pounds; and the 150 h.p. bore and stroke 
124 jc 180, weighs 360 pounds. 

The cylinders are turned from steel and fitted with cast 
iron liners. Cylinders screwed into steel crankcase. Two 
valves seating in cylinder head; induction via crankcase; 
shaft to crankcase and two valves seating in cylinder head ; 
induction via crankshaft to crankcase and by external cop- 
per pipe to cylinder head. Forced lubrication. Consumes 
.72 pints of fuel and .1 pint oil per b.h.p. 

The Gnome 100 h.p. has nine cylinders; bore 110 mm., 
stroke 150 mm. Weighs 280 pounds. Fuel consumption 
nine gallons per hour. 



The Sopwith "Camel" 

The Sopwith " Camel " is a single-strutter machine 
and is a development of the Sopwith " Pup," from which, 
however, it differs in many details, apart from the greater 
power of its engine. 

As in the older type, the wings and tail plane witn ele- 
vator are of trapezoidal plan form, but the greatest span 
occurs at the trailing edge. The top plane centre-section 
has a span of 2.17 m., while the strut attachments are only 
1.48 m. apart. As the petrol pressure tank and gravity 
tank are placed rather far aft, the pilot's seat is placed 
immediately behind the motor, underneath the top plane 
centre-section. In order to provide a better view, a rect- 
angular opening is cut in the centre section. The longi- 
tudinal edges of this opening are provided with three-ply 
plates projecting beyond the wing profile so as to reduce 
the amount of air flowing over the edges. To facilitate 
getting into and out of the machine the trailing edge of the 
centre-section has been cut away. Upper and lower planes 
have an equal span of 8.57 m., and an equal chord of 1.37 
m. The aspect ratio is therefore 6.25 against the aspect 
ratio of 5.15 of the older type. 

The wing spars, which are made of spruce, are spindled 
out to an I section, with the exception of the bottom rear 
spar, which is left solid. The gap between the planes is 
1.31 m. at the tips and 1.52 m. near the body. 
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British 

Avro 

Aeroplanes 

The British Avro Company has 
been prolific in its production of 
types. The characteristics of 
some of the latest types are re- 
produced herewith by courtesy of 
Aerial Age Weekly. 

Mr. A. V. Roe was one of the 
first aeronautic engineers to pro- 
duce a triplane which, it will be 
recalled, Mr. Roe himself flew at 
the historic Bos ton- Harvard avia- 
tion meet in 1910. 

It will be recalled that the Brit- 
ish Secretarv of State for the 
Royal "Air Force, speaking at 
Manchester on December 20, 
1918, said of the Avro training 
machines: 

"It was unique evidence of the 
perfection of the design of . . . 
the Avro that to-day it had be- 
come the standard training ma- 
chine of the Royal Air Force and 
was built in larger numbers than 
any other Aeroplane in the 
world." 




AVRO S3IA 
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The Kalian S V A Fighting Traclor equipped with a Spa 200 h.p, engine and provided with two Vickers machine guns. This ma- 
chine can climb 10,000 feet in 8 minutes with a military load of 500 pounds 

The S. V. A. Fighting Scout 

The S. V. A. machines are manufactured by Gio. An- trailing edge, and the planes are given but a slight inci- 

snldo & Co., of Genoa, Italy, in a number of types quite denee angle or angle of attack. As in most of the fast 

similar to one another, the principal differences being in Italian machines, the trailing edge is flexible, tending to 

the wing spread and weight. In nearly all the types, the flatten out the wing curve as the speed of the machine 

same propeller, motor and fuselage is used. With the ex- increases. A single set of ailerons are hinged to the upper 

ception of one of the types, the interplane strut bracing at plane. 

cither side of the body is arranged in the form of the The steel-tube interplane bracing is of streamline sec- 
letter A'. The machine is convertible for water use by re- tion, and attachment to the swing spar is by a pin running 
placing the landing gear with twin floats, as illustrated in through the end of the brace, parallel to the line of flight, 
the photographs. The bracing method employed is such that both the lift and 

All the material used in the construction of these ma- landing stresses are taken by the struts, eliminating the 

chines is tested in laboratories before being installed, and wire bracing cables. Drift and anti-drift cables are used 

again rigidly inspected when the machine has been tested in the usual manner. 

out in actual flight. The woods are tested for transverse Main planes have a surface area of about 24.25 so,, m. ; 

and longitudinal tension and compression, etc. Cables are the loading of the machine is about 36,700 kg. (about 81 

from 8 to 10 times as strong as calculations show then) to pounds). 

be necessary under extreme conditions. The silk-linen Fuselage 

covering i. .ome.h.t tv.nsp.rent ud .Iter being tre.ted A , , he ,„„,„„, end rf , he ,„„, , he motor ,, en . 

w.th dope I, pv.cUc.llj unte.r.ble. ,,„, co „„ d in> „„ d , he eow|i „„, b , ck in , slrai ht 

The dimension. g.ven below .ceomp.ny the dv.wing „ m „ ( „ aJ (he pilo( ., ml The „„ tmt> rf , he 

s ""*"■ under side of the fuselage are composed of a series of 

General Dimensions , , , , ,, .... ... 1.1 

straight lines, and not a continuous curve. A noticeable 

Span, upper plane 9,100 mm. (30 ft. 2 in.) . . , .. , , ... . ., . . .. 

Span, lower plane 7,600 mm. (25 ft. in.) feature of the f^lage is its narrowness in the vicinity 

Chord, both planes 1,650 mm. (5 ft. 5 In.) of the tail plane, and its exceptional depth forward. 

Gap 1,1100 to 1,500 mm. (5 ft. 11 in. — 4 ft. 11 in.) The interplane struts sloping outward from the fuselage 

Overall length S.100 mm. (26 ft. 7 In.) are not connected to the upper longerons, but are carried 

Overall height 3fi °°JTi °,°. V.i"'} P«* wa y down th « vertical spacing members between the 

Weight, empty 640 kg. (1,411 lbs.) K J 1? -j .1 

Weight, loaded 900 kg. (1.984 lbs.) U PP" «"d lower longerons. Evidently a compression 

Motor, SPA 210 h.p. member is located at such points, running from one side 

Maximum speed 232 km. (125 mi.) p.h. of the fuselage to the other. 

Minimum speed ....« km. (45 mL) pJt Veneer is used for covering in the bod v, except at the 

Climb in 14 min 4,000 meters (13,133 ft.) , , , , ,. .. 

front end, where the aluminum cowling covers the en- 
Main Planes gine. 
The planes are in four sections. The top plane is a TaU Group 
flat span, but the lower plane sections are set at a dihedral The leading edge of the tail plane is located at the level 
angle. The wing curve has a negative tendency at the of the center of propeller thrust, as indicated on the draw- 
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Vie 



/ of the body assembling ami c 



vcring department of thr Ansaldo factor]', 



%he largest Italian aeroplane factories 



ing by tlie dotted and dashed line, and the plane is fixed 
at a negative or depressing angle. It will be noticed on 
tliv plan view of accompanying drawing that the tail plane, 
or horizontal stabilizer, is exceptionally small, its area 
being only slightly more than half the area of the elevators 
or tail flaps. The flaps are worked with short control 
tillers located close to the body. A pair of steel struts 
support the tail from the fuselage. 

The familiar triangular fin or vertical stabilizer is used, 
with the rudder hinged to its trailing edge. The lower 
end of the rudder is carried in a cupped metal fitting at- 
tached to the under side of the fuselage termination. 

Control wires run into the body through protective 
metallic plates with friction -reducing guides. 

Landing Gear 

s members carry the floating axle, cross 
'he shock absorbing rubber 
dure skin friction, 
lal inasmuch as it relies upon a 
steel leaf-spring skid for its shock-absorbing effect. The 
upper end of the spring is rigidly clamped to a metal con- 
tainer, from which supports are run to the upper longerons 
of the body and to the tail plane. 

Motor Group 
The engine is a 6 cylinder SPA developing 210 h.p. at 



Steel tube chaw 
wired in the usual 
elastic is covered i 

The tail skid is 



1600 revolutions per rVnute. The propeller is 2750 i 
(about 9 ft. in.) in dia\eter, with a 2)00 m. (6 ft. 11 
in.) pitch. 

Gasoline is carried for an emimance of 8 hours, weigh- 
ing 105 kg. (231.48 lbs.) and oil weighing 15 kg. (33.06 
lbs.). 

In the empty machine, the weights are distributed as fol- 
lows: Machine unequipped, 300 kg. (661.38 lbs.); motor, 
propeller and radiator, 315 kg. (691.15 lbs.); fuel tanks 
and the necessary piping, 25 kg. (55.11 lbs.). Total 
weight 610 kg., or 1410.95 lbs. 

. The useful load consists of oil and gasoline weighing 
120 kg. (264.55 lbs.) and an additional useful weight of 
110 kg. (308.65 lbs.). The loading of the machine j>er 
b.h.p. is equal to approximately 9 lbs. 

This type of S.V.A. machine is also manufactured in 
what is called the " reduced size," in which t*he wing span 
is shortened to 7570 mm. (24 ft. 10 in.) but otherwise pre- 
serving the lines of the " Normal " type. In the smaller 
machine, the total weight of the machine is 875 kg. 
(1929.04 lbs.) instead of 900 kg., and the loading on the 
surface is 39.300 kg. (87 lbs.) instead of 81 lbs. as in the 
" Normal " type. With the smaller machine, the same 
powered motor, and a change in the angle of incidence of 
the planes, a much greater speed is obtained. 



SINGLE MOTORED AEROPLANES 
The Pomilio Reconnaissance Type Tractor 



The Italian Pomilio Reconnaissance and Bombardment Aeroplane. Apparatus is carried for the release of bombs, and a movable 
machine-gun is mounted at the rear cockpit 



Front view of the Pomilio Aeroplane. It has a 6-cylinder 300 h.p. Fiat engine and a Fiat machine-gun. Wing span, 38'-0"; 
height, V-Vi overall length, SC-O- 



Thc Pomilio Reconnaissance and Bombardment Tractor a* seen from the side. Official tests have shown this machine to lie 
capable of a horizontal speed of 1=20 miles an hour. Its climb is also very good, an ascension of 4000 meters being made in 
22 minutes 
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The A. E. G. German Armored Biplane 



This aeroplane is designed for the purpose of carrying 
out offensive patrols against infantry, and is furnished 
with armor, which affords protection for its personnel. 
This armor appears, however, to be more or less experi- 
mental. 

In general construction it closely follows the lines of 
the A. £. G. Twin Engined Bomber, though the arrange- 
ment of the power plant is, of course, entirely different. 

A steel tubular construction is used practically through- 
out. 

The leading particulars of the machine are as follows : 

Area of upper wings 190.4 sq. ft. 

Area of lower wings 168 sq. ft. 

Total area of wings 358.4 sq. ft 

Area of upper aileron 11.2 sq. ft. 

Area of lower aileron 10 sq. ft. 

Area of tail plane 9.4 sq. ft. 

Area of fin 7.6 sq. ft. 

Area of rudder 6 sq. ft. 

Horizontal area of body 48.6 sq. ft. 

Side area of body 54.8 sq. ft 

Cross sectional area of body 14.4 sq. ft 

Area of side armor 33 sq. ft. 

Area of bottom armor 29.4 sq. ft. 

Area of armor bulkhead 10.4 sq. ft 

Engine, 200 h.p. " Bens." 

Crew — pilot and gunner 360 lbs. 

Armament — three guns. 

Petrol capacity 38 gallons 

Oil capacity 3 gallons 

The manner in which the wings are constructed is ex- 
actly as shown in the A. £. G. Bomber — i. e., the spars 
consist of two steel tubes 40 mm. in diameter by 0.75 mm. 
thick. At their ends the upper and lower surfaces of 
the spars are chamfered away, and flat plates welded in 
position, so as to provide a taper within the washed-out 
portions of the wing tips. The wings were, unfortunately, 
so badly damaged that no accurate drawing of their sec- 
tion can be taken, but there is evidence that this very 
closely follows the section of the bomber, which has al- 
ready been published. The ribs are of wood, and between 
each main rim is placed a half-rib joining the front spar 
to the semicircular section wooden strip which forms the 
leading edge. The wing construction is strengthened by 
two light steel tubes passing through the ribs close be- 
hind and parallel to the leading spar, which are used for 
housing the aileron control wires. The bracing against 
drag consists of wires and transverse steel tubes welded 
in position. At the inner end of the wings special rein- 
forced ribs of light gauge steel tube are provided. The 
spars are attached to the fuselage by plain pin joints. 

The centre section of the upper surface is constructed 
in a similar manner to that of the wings, except that it is 
considerably reinforced, and the spars are larger in diam- 
eter. The leading spar has a diameter of 51 mm. and the 
rear spar 45 mm. The centre section is secured to the 
fuselage by a system of stream-lined steel struts, the feet 



of which terminate in ball ends dropped into sockets, and 
there bolted in position. 

The centre section contains an auxiliary gravity petrol 
tank, and also the radiator, and is, therefore, substantially 
braced with steel tube transverse members. 

The wings are set with a dihedral angle of approxi- 
mately 6 deg. 

The aileron framework is of light steel tube through- 
out, the tube forming the trailing edge being flattened into 
an elliptical section. The ribs are fixed by welding. The 
framework of the ailerons on the upper wing is reinforced 
by diagonal bracing of light tube. 

These are of light steel tube streamline in section, 
tapered at each end, and terminating in a socket which 
abuts against a ball-headed pedestal carried on the wing 
spars; through the socket and the ball is passed a small 
bolt. The manner in which this attachment is carried 
out is exactly similar to that in the A. E. G. Bomber. 

The whole of the fuselage is built up of steel tubes 
welded together, and having affixed at their junctions sheet 
steel lugs, which serve as the anchorage for the bracing 
wires. The diameter of the longerons and of the frame 
verticals is 20 mm., except the last three members adja- 
cent to the tail, of which the diameter is 16 mm. The 
welding throughout the fuselage appears to be of very 
high quality. The longeron, from a point immediately in 
front of the pilot's cockpit to the rear of the gunner's 
cockpit, is fitted with a wooden strip taped in position. 
This joint shows the method in which the cross brac- 
ing wires are furnished with an anchorage. In one or 
two points in the frame construction the bracing wire 
lies in the same plane as the transverse tube, and to allow 
for this a diagonal hole is drilled through the tube, and 
filled in with a small steel tube welded in place. 

This consists of a triangulated arrangement of steel 
tubes carrying hollow rectangular section steel bearers, on 
which the crank chamber is slung. The bearers are well 
trussed both in the vertical and horizontal planes, and are 
shown in dotted lines in the General Arrangement Draw- 
ings. The engine bearers themselves are 2 mm. in thick- 
ness, and have an approximate sections of 2 1/16 ins. by 
1 Mj in. 

The empennage possesses no particular points of in- 
terest, the planes having the usual tubular framework. 
The tail plane is not fitted with any trimming gear, but 
a method of adjustment is provided. The diagonal struts 
which proceed from the base of the fuselage to the tail 
plane spar are fitted at each end with a method of adjust- 
ment, allowing them to be extended as required accord- 
ing to the particular socket which is used to carry the 
leading edge of the tail plane. Neither the elevators nor 
the rudder are balanced. The rudder post is mounted 
on the end of the fuselage, so that the vertical frame tube 
of the fin is very stoutly attached to the frame by a tri- 
angulated foot 





Gti»^ 



l*T 



^Pt 



-l^Off^ 



rt»fl\w 



aft* 




\G4 



SINGLE MOTORED AEROPLANES 



THE AGO BIPLANE 

Top; Three-quarter front view. The 
openings in the top plane for the radi- 
ator and petrol service tank should be 
noted. Bottom; View from alwve, 
showing in diagrammatic form the con- 
st ruction of top plane. Inset: The 
tail planes 



The German Ago Fighting Biplane 



As regards its general lines, the Ago is of a striking 
unusual appearance, mainly, no doubt, due to the fact 
that its wings are tapered very pronouncedly from root 
to tip. This is very unusual in any modern, and when 
it is suddenly met with in a German machine of compara- 
tive recent date — from various marks on the machine one 
gathers the impression that it was built certainly no longer 
ago than the first months of 1917 — the question that 
first comes to mind is naturally enough related to the 
ration d'etre of this unusual design. 

In the first place, it is obvious that whatever it was the 
designer was aiming at, he was prepared to go to consid- 
erable trouble to obtain it, since the construction of such 
tapered wings as those of this Ago are not by any means 
an attractive proposition commercially, entailing, as it 
does, the separate construction of half the ribs, no two 
of which are alike from root to tip in one wing. Also 
as the spars converge to a point at the tip, they intersect 
the ribs at varying distances from root to tip, which again 



means extra work in manufacture. As for the spars 
themselves, they also taper from root to tip, again more 
trouble and expense. 

When standing in front of the machine one is at once 
struck by the peculiar bracing of the front spar. In- 
stead of the usual interplane strut there is on the Ago 
only a single solid wire running from the front lower spar 
to the front top spar, while no lift or landing cables of 
any sort are employed between the two front spars, 

This feature, then, will probably be found to contain 
the solution of the peculiar design. By doing away with 
the front bracing, a much freer field of firing is obtained, 
and there can be little doubt that this was the object for 
which the designer was striving. 

Owing to the backward slope of the leading edge of 
the planes, the outer inter-plane struts are farther back 
than they would be in a machine with straight wings, and 
also owing to the taper, closer together and therefore 
obstructing the field to a smaller extent. The narrower 
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Some constructional details of the Ago biplane. I. Dimensions of lower front spar 
near body. 2. Attachment of tubular struts to fuselage longerons. 3. The hardwood 
distance piece at the crossing of the Internal wing-bracing cables. 4. Section of the 
lower front spar at the point of attachment of the interplane wire. 5. Perspective 
sketch of same joint. 6. Section of rear spar. 7. (A) construction of false spar and 
aileron leading edge; (B) An aileron rib (not to scale); (C) Aileron crank and attach- 
ment of inter-aileron strut 



chord near the tip will result in a smaller travel of the 
centre of pressure, hence possibly the twist on the wings 
may become less, and the absence of front bracing be a 
less serious defect than one is inclined to imagine at first. 

When we say absence of front bracing, this is not quite 
correct, since, as already indicated, a single solid wire 
runs from top to bottom front spar. As is well known, 
in biplanes, with top and bottom planes of the same area, 
and with the conventional spacing of gap about equal to 
chord, the top plane carries about SO per cent, more load 
than the bottom one, or roughly, 4/4 and 3/7 respectively. 
By running a wire from the top to the bottom front spar, 
the latter is therefore made to carry a certain share of 
the top spar's load, thus relieving, to a certain extent, the 
enormous bending moment that must be present on a com- 
paratively heavily loaded machine, whose front spars have 
a distance of some IS ft. 6 in. between supports. 

So much for the general design of the Ago. As regards 
the construction there is much detail work that is inter- 
esting and unusual. The fuselage which is, as in the 
majority of German aeroplanes, of very roomy propor- 
tions, as regards occupants' accommodation, is covered 
with fabric except the front around the engine, which is 



covered in the three-ply. The floor of the fuselage is of 
three-ply from the stern to the gunner's (rear) cockpit. 
From there to the nose the floor is three-ply, covered 
with aluminum. In section, the fuselage is rectangular, 
a light and comparatively flat structure forming a turtle 
back over the top of the main fuselage framework. This 
turtle back is built up as a separate unit, and is easily 
detachable by means of a neat and very simple clip. In 
case of severe stresses being put on the fuselage, it is 
therefore an easy matter to detach the top covering and 
examine and adjust the internal bracing. 

The four longerons, which are of square section, are 
pine, from the rear cockpit to the stern, while in front 
they are made of ash. The struts are in the form of 
steel tubes and the solid wire bracing is attached to the 
struts in the manner shown in one of the accompanying 
sketches. A small socket apparently machined out of 
the solid steel bar, has holes drilled in its edges, through 
which the bracing wires pass. This socket is slipped 
over the end of the tube, which has small dents in its 
end to give more room for the loop of the wire, and the 
socket, with its strut, is secured to the longeron by a bolt 
passing through it, with the nut and a spring washer in- 
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side the socket, as shown in section in one of our sketches. 
Except for the fact that the longerons are pierced by two 
holes — the horizontal and vertical fuselage struts are 
staggered in relation to one another — close to one an- 
other, this arrangement appears to be very neat, and cer- 
tainly takes up very little space. 

In front, the fuselage bracing is in the form of diagonal 
steel tubes, no wires being employed. The rear cockpit 
is occupied by the machine gunner, who is seated on a 
small seat built up of a framework of steel tubing, over 
which is stretched canvas. This seat is so hinged and 
sprung that immediately the gunner stands up the seat 
springs into a vertical position out of his way in case 
he wishes to do his shooting in a standing position. When 
horizontal, the seat is supported by a slanting steel tube, 
pivoted at its lower end to the floor, and having its upper 
end running in a steel guide, bolted to the under side of 
the seat. The principle will be better understood by 
reference to one of the accompanying sketches. The gun 
is mounted on a swiveling bracket, which, in turn, is sup- 
ported on a rotatable gun ring of wood, forming, in effect, 
a turntable, by means of which the gun may be traversed 
in any desired direction. To prevent damaging the nose 
of the machine and the propeller, a stop is provided for 
the gun in the form of two small frames clipped to the 
rear legs of the cabane, which prevents the gun barrel 
from travelling too far inboard. 

The pilot's seat, which is in the front cockpit, is placed 
on top of the main petrol tank resting on the floor of the 
fuselage. A service petrol tank is carried in and mounted 
flush with the top plane just to the left of the cabane. 
In the corresponding opening in the upper right-hand 
wing, is carried the radiator, and in connection with these 
two it is interesting to note that the water and petrol is 
led through the right and left cabane legs respectively, 
thus saving a certain amount of piping, which would other- 
wise be exposed to the air. 

The controls are of the usual German type, with a ver- 
tical lever terminating at the top in a double handled grip, 
and mounted — via a universal joint — on a longitudinal 
rocking shaft, having at its other (rear) end crank levers 
for the attachment of the aileron cables. On the machine 
in question, no guns were mounted, but from the various 
fittings it appeared that there were at one time two ma- 
chine-guns mounted above the engine, and with the usual 
interrupting gear for clearing the propeller blades. 

The large engine — a 230 h.p. Benz — is mounted on 
two longitudinal bearers, which are in turn supported 
from the fuselage by three direct supports — at the rear 
a sloping panel of ply-wood, in the middle by tubes slop- 
ing up from the junction of the rear panel to the lower 
longerons, and at the front by another panel of ply-wood, 
this a vertical one. In addition to these direct supports, 
the engine mounting is further braced by tubes to the 
upper longerons, and by diagonal tubes from top to bot- 
tom longerons. It has already been mentioned that the 
main gasoline tank is placed on the floor of the pilot's 
cockpit, while the gasoline service tank is mounted in an 
opening in the top plane. The oil tank, which is com- 
paratively small, is carried under the engine housing on 
the right-hand side of the crank chamber. The propeller, 
which was not in place on the machine, probably had a 



" spinner," or hemispherical nose-piece over the boss, as 
this would appear to go well with the nose of the fuse- 
lage, which is of rounded section at this point. 

The main planes are, as already indicated, tapered from 
root to tip to a very marked extent, the trailing edge 
sloping considerably more than the leading edge. Suc- 
cessive ribs are of different depth, as well as chord, owing 
to the fact that the spars, in addition to their convergence, 
are of varying depth from root to tip. Whether, how- 
ever, the ribs change progressively in such a manner that 
all are of actually the same section, but reduced geomet- 
rically, or whether they alter in shape as well as in size 
has not yet been ascertained, but judging from the way 
in which the spars taper it would appear that the end ribs 
are not of quite the same section as the inner ones. 

Constructionally, the ribs are of the usual I section, 
with webs which appear to be made of poplar, and with 
flanges of ash. In between the spars the webs are light- 
ened by cutting out in the usual way. The leading edge 
is of pine of U, or, more correctly speaking, of a rounded 
V section between ribs, but left solid where the ribs are 
attached to it. The trailing edge is a thin lath about 1 
in. wide by about 3/16 in. thick. 

The main wing spars are of an interesting construction, 
and their section is shown in the accompanying sketches. 
The two flanges are glued to thin webs (about 5 mm.), 
the whole being wrapped in fabric. No tacks or screws 
are employed for securing the webs to the flanges, the 
glueing and wrapping being apparently relied upon to be 
sufficient for the purpose. At the points where occur the 
ribs a three-ply distance piece is glued into the hollow 
spar, but so narrow is this that in several places it was 
noticed that the tacks through the rib flanges had pene- 
trated the spar flange, missed the three-ply distance piece, 
and had its end projecting inside the hollow of the spar. 
The rear spar, which was of slightly smaller dimensions 
than the front spar, was different in that its upper flange 
had been spindled out, otherwise the two spars were 
similar, also in that in both the top flange was not quite 
so thin as the bottom flange. The spars were constructed 
of what appeared to be some kind of pine, possibly Dant- 
zig. 

Where the bolt, serving as an anchorage for the wire 
running to the top plane occurred, the spar was strength- 
ened by a packing piece of peculiar form. This is shown 
in some of our sketches, which will, we hope, help to ex- 
plain it. It will be seen that the saw cuts in the ends 
of this distance piece, leaves four tapering ends, which 
would have the effect of cantilever beams proportioned 
to carry an end load, the latter being considered as the 
lateral load on the spar at this point. Whether this, 
however, was in the designer's mind is doubtful. It is 
more probable that the shape of the piece is the result 
of an attempt at stiffening the spar for a considerable 
distance on each side of the joint, without carrying too 
much weight. The vertical bolt, to which reference was 
made above, is not passed through the spar itself, but 
through an additional stiffening piece glued to the front 
face of the spar. Two horizontal bolts through the spar, 
securing on the rear face of the spar the compression strut 
for the internal wing bracing, are the only attachment, 
apart from the glue, of this vertical packing piece to the 
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spar proper. It is to be imagined that a pull on the inter- 
plane wire must result in a tendency to twist the spar, 
placed, as it is, so far from the vertical neutral axis of the 
spar. Altogether this joint impresses one as being very 
poorly designed indeed, in fact, it has the appearance of 
not being designed at all. 

The outer inter-plane struts are stream-line steel tubes, 
with a diagonal tube welded to them in the manner shown 
in the illustrations. In addition to this diagonal tube 
there is a wire running diagonally in the opposite direc- 
tion, probably to ensure that the welded joints of the 
struts shall not have to work in tension under the changes 
in load, caused by the travel of the centre of pressure. 

The ailerons, which have their tips at a slightly smaller 
angle of incidence than that of the inner ends, are hinged 
to a false spar slightly to the rear of the rear main spar. 
The section of this false spar is shown in one of our 
sketches. The leading edge of the aileron is in the form 
of a steel tube, partly enclosing which — and at some 
distance from it — is a strip of three-ply wood, the ob- 
ject of which evidently is to provide the requisite depth 
of the leading edge of the aileron without going to the 
extra weight of a tube of sufficient diameter. The method 
of attaching the ribs to this tube is also indicated in the 
sketches. A short strip of thin steel is bent around the 
tube, its two ends projecting back, and being accommo- 
dated in a slot in the rib. This strip is then soldered 
(and probably pinned, although this could not be ascer- 
tained) to the tubular leading edge. 

Half-way between consecutive ribs, in order to help it 
retain its shape, small distance pieces are tacked to the 
three-ply, having their free ends abutting on the surface 
of the tube. Another sketch shows the tube to which the 
inter-aileron strut is attached. The crank lever of the 
upper-aileron is a somewhat weird and complicated affair, 
having a forward projection curving up over the false 
spar, and dipping down in an opening between two ribs. 
To this projection is attached one of the aileron control 
cables, which runs over a pulley in the lower spar and 
internally in the lower wing to the cranks on the longi- 



tudinal rocking shaft. In plan view the aileron crank 
lever is bent and runs through a rib, the clip attaching 
it to the inter-aileron strut being similar to that of the 
lower aileron shown in the sketch. From this aileron 
crank, a cable passes over another pulley in the same 
casing as that of the first, and hence through the lower 
plane to the controls. It will thus be seen that both ele- 
vating and depressing the aileron is a positive movement. 

The tubular leading edge of the ailerons is supported 
by a small bearing at the inner end, and by two clips of 
steel bent over the tube and bolted to the false spar at 
certain intervals. Thus each aileron is carried in three 
bearings. The outer end of the leading edge of the 
aileron is free. A fact which at once impresses itself on 
one in looking at the lateral control of the Ago is that 
the point from which the aileron is actuated is very near 
its inner end, leaving a very large amount of the aileron 
area outside, a fact which must give rise to considerable 
twisting stresses. 

The tail, planes are of similar construction as that of 
the main planes, the same form of box spars being em- 
ployed. The stabilizing plane is brought to the same 
level as the top of the fuselage, by dropping the lower 
longerons, somewhat after the fashion of the old Deper- 
dussin monoplanes. A clip secures the front spar of 
the tail plane to the longerons, while the rear spar is 
attached by means of a sliding clip arrangement, which 
allows (not during flight) of adjusting the angle of inci- 
dence of the tail. The vertical fin, which is of tubular 
construction, is mounted on and moves with the tail plane. 
No very great amount of adjustment is therefore pos- 
sible, as a comparatively small movement of the rear spar 
of the tail plane brings the rudder against the edge of 
the cut out portion of the fin. (See illustration.) The 
rudder, which is also built of steel tubes, has no support 
above the stern of the body, this being difficult to obtain 
in conjunction with the adjustable fin. The result is 
that the rudder is very touch overhung and does not look 
any too strong for its work. 




THE AGO BIPLANE 

1. The gunner's seat. 2. The rear cabane. 3. A cable attachment extensively employed. The cup-shaped socket is machined 
out of the solid and has a slot through which passes the shank of the turnbuckle. Three-ply packing is placed between the plate of 
the fitting and the base so as to make up the thickness of the socket. 4. The gasoline service tank lying on its end on the floor. 
When in place on the machine it is carried in the opening in the upper wing, to the left of the cabane. 



SINGLE MOTORED AEROPLANES 







r 




~l 


.1 

<.' 
9(0 

1 








? 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 



Three views o :' the Albatros TV" 
Fighter. (Deicnptian mpplied by Iht 

Brituh Air MMtlrg.) 



The Albatros Type "CV" Fighter 



This Albatros biplane belongs to the " C " class — that 
is, a general utility machine used for artillery observa- 
tion, reconnaissance work, photography and fighting. 
The machine was also used for bombing — in a small 
way only — as it is equipped with a bomb rack holding 
four bombs. 

Aerodynamical ly the Albatros to be dealt with in what 
follows is, perhaps, chiefly interesting on account of the 
evident attempt on the part of the designer to provide 
as good a streamline body as is possible having regard to 
such external fitments as machine-guns, etc., which nat- 
urally detract to a certain extent from the efficiency of 
the lines of a body of a modern two-seater, where the 
gunner, frequently has to stand up, with the upper por- 
tion of his body projecting above the fuselage covering. 
This effort at streamlining is particularly noticeable in the 
nose of the machine, where the aluminium cowling over the 
engine is carried right across, leaving only the exhaust 
collector exposed. In front of the covering of the body 
proper is a cowl shaped as a truncated cone, which serves 
to enclose the nose and reduction gear of the engine, and 
to carry the lines of the body into those of the " spinner " 
around the boss of the air screw. The sides of the body, 
from a short distance behind this cowl to the tail, are flat, 
as is also the bottom, but the top of the fuselage is covered 
with a curved covering of three-ply. 

At the rear the fuselage terminates in a horizontal 



knife's edge, an easy flow being provided for the air by 
running the top covering of the fuselage into the three-ply 
covering of the fin in a smooth curve. Similarly, the 
fixed tail plane, which is of a symmetrical section and 
very deep, has its top surface practically in continuation 
of the top covering of the body, presenting no great and 
abrupt changes in curvature. The total effect is one of 
eitremely smooth and easy flowing curves, and the body 
resistance cannot be very great in proportion to the cross 
sectional area of the body. We have no figures of the 
actual resistance coefficient in the formula R = & AV% 
but are inclined to imagine that the coefficient k has quite 
a low value. 

Construction ally the Albatros shows much that is of 
interest, chiefly in the construction of the body. Funda- 
mentally, the Albatros body construction is that employed 
in building light boats and hydroplanes. There is a light 
framework, consisting of four main rails at the corners 
of the rectangular section body, two auxiliary rails some- 
where about half-way up on the sides, and bulkheads or 
transverse partitions of varying shape and thickness along 
the body at intervals. The whole is then, as in boat build- 
ing, covered with a skin of veneer ply-wood, in this case 
three-ply. Regarded as a compromise, this form of body 
construction would appear to be quite good. Without en- 
tailing the time and expense of the true monocoque body, 
it provides a reasonably good streamline form. As a 
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manufacturing proposition it is probably about equal to 
the girder type of fuselage, while it has the advantage 
of not requiring any truing up in the erecting process, 
this following automatically when making the parts over 
jigs and formers. One advantage this form of body does 
appear to possess, although to a somewhat lesser extent 
than the true monocoque — shell splinters and rifle and 
machine-gun bullets are less likely to damage it seriously 
than is the case with the girder type. In the latter, should 
a longeron be shot through nearly all the strength of the 
structure is gone, whereas this semi-monocoque structure 
would retain its strength even after damaging some of the 
longitudinal members. 

Finally, there is the question of strength for weight. 
Results of a test give the factor of safety of the Albatros 
body as about 60, and the resistance to bending 2.5 times 
greater than that of a diagonally wired fuselage of the 
same outside dimensions, and having members of the size 
usually employed in structures of this type. The bending 
resistance of the veneer type of body appeared to be 
greater than that of a cross wired fuselage of the same 
weight, although no actual figures were given showing 
how much greater. 

When looking into the detail construction of the Alba- 
tros body the first thing that impresses one, apart from 
the absence of internal cross bracing, is the extensive use 
that has been made of veneer in the construction of the 



transverse bulkheads or formers, which take the place of 
the struts and cross members of the girder type of body. 
In Fig. 1 are. shown the different bulkheads of the body, 
with dimensions, etc. The rail half-way up the sides of 
the body is placed parallel with the propeller shaft, thus 
serving as a datum line from which to make measurements 
of distances and angles. 

In order to better form a conception of the Albatros 
construction we have shown, in Fig. 1, half-sections of the 
more important and representative bulkheads. In the 
front portion of the body the bulkheads, which here have 
to take the weight of the engine, are about 1*4 in. thick, 
and are made up of a number of laminations of wood, 
which are, of course, so placed in relation to one another, 
that the grains of adjacent layers run at angles to one 
another. 

Fig. 2 shows the nose of the Albatros, and clearly in- 
dicates* the method of supporting the engine. The first 
bulkhead, it will be seen, is solid, and is at right angles 
to the propeller shaft. The second bulkhead — 2, Fig. 
1 — is lightened by piercing as shown, and is also vertical, 
while the third engine support is formed by a solid bulk- 
head — 8,. Fig. 1 — which slopes back so as to support 
the front chassis struts and front cabane struts at its 
lower and upper ends respectively. As the front engine 
support is clearly shown in the sketch, Fig. 2, it has not 
been included in Fig. 1. The bulkhead numbered 1 in 
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Fig. I is merely a former, and does not help to support 
the engine bearers. These are of I-section spruce, and 
have plywood flanges top and bottom as shown in Fig. 3. 
The upper flange is continued outwards to the middle 
longeron so as to form a shelf or bracket at the sides of the 
engine. 

A construction somewhat different to that of the engine 
supports is employed in the panel between the pilot's and 
gunner's cockpits. This consists (4, Fig. 1) of a spruce 
framework faced each side with 3 mm. three-ply, the 
whole having a thickness of 26 mm. (about 1 in.). Be- 
hind the gunner's cockpit is a light partition built up as 
shown in 5, Fig. 1. Two light spruce struts run diagon- 
ally across from corner to corner of the body, crossing in 
the center of the fuselage at which point they are rein- 
forced by three-ply facings and triangular blocks glued 

Their attachment to the upper and lower body longerons 
is of a similar construction, and will be clear from the 
diagram. On their front faces these diagonal struts are 
provided with a 2 mm. flange to stiffen them against 
buckling. A canvas curtain is secured to the front of this 
partition, having in it pockets for maps, etc. 

From this point back to the front where the tail plane 
and vertical fin are attached the formers of the body are 
in the nature of a very light framework of thin struts, 
a typical one being shown in 6, Fig. 1. The general con- 
struction and some of the dimensions of the various mem- 
bers will be clear from the illustration. 

One of the features in which the present Albatros dif- 
fers from previous types is the construction and attach- 
ment of the tail plane and vertical fin. The latter is cov- 
ered with three-ply, and is made integral with the body, 
out of which it grows, so to speak. The construction is 
shown in 7 and 8, Fig. 1, and in the perspective sketch, 
Fig. 4. The tail skid is supported on one and sprung 
from the other of these two bulkheads, as illustrated in 



Fig. 5 (below), the general and detail construction 
of it being evident from the sketches. The tail plane 
is provided with hollow spars which fit over cantilever 
beams integral with bulkheads 7 and 8, Fig. 1, the details 
of which arrangement will be dealt with later. 

Having dealt with the bulkheads or transverse parti- 
tions of the Albatros fuselage, the longitudinals rails will 
be considered next. These are of a somewhat compli- 
cated nature, varying as they do along their entire length, 
not only as regards being tapered from front to rear, but 
also in the different form of spindling out employed at 
the various points, and in the method of reinforcing with 
other strips of wood, partly in order to increase their 
strength where required and partly to make their overall 
section conform to the various angles and curvatures of 
the outside three-ply covering of the fuselage. 

From Fig. 6 a fairly good idea may be formed of the 
shape and dimensions of the longerons at various points. 
The lower one (left hand) is originally of rectangular 
section, but is lightened from point to point by various 
forms of spindling and stop -chamfering. Thus at the 
point B (see key, diagram Fig. 6), the inner face of the 
bottom longeron is spindled out on its inner face with a 
curved cutter. At other points of this longeron farther 
towards the stern various sections are met with, as chan- 
nel, solid rectangle, and L sections of various proportions. 
Between the horizontal stern post and the point at which 
the middle longeron meets the lower one, the latter is re- 
inforced with a triangular section strip, so as to carry the 
three-ply covering into the sloping side. Similarly at the 
section A, Fig. 6, the longeron, which is here of solid 
rectangular section, is reinforced on the outer side with 
a curved trip, spindled out externally, and with a smaller 
strip on the lower face of the longeron. 

The upper longeron, which is originally of rectangular 
section, is spindled out to channel and L sections at va- 
rious points, as shown in X. Y, Z, Fig. 6. So as to form 
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an attachment for the curved top of the body, the top 
longerons have glued to their upper face additional strips 
of triangular section while at the point Y, Fig. 6, the sec- 
tion is left rectangular so as to form a support for the 
gun ring. In addition to their function as strengthening 
members these strips . serve the further purpose of pre- 
venting the bulkheads from sliding along the longerons, 
as they are cut off where a bulkhead occurs, against the 
front and rear sides of which they abut. In some places, 
as for instance in the front of the body where the cover- 
ing is in the form of an aluminium cowl over the engine, 
the strips are omitted and the cowl attached to turn-but- 
tons as shown in the sketch Fig. 7- At such points the 
bulkheads are prevented from sliding along the longerons 



by a long wood screw passing horizontally through the 
longeron into the bulkhead. 

The middle longerons, which, as already pointed out 
in a previous article, are horizontal, t. e., parallel to the 
propeller shaft, are of smaller overall dimensions than are 
the four main longerons. They are rectangular section, 
lightened in places by stop -chamfering, as shown in a and 
b, Fig. 6. 

Fig. 8 shows, in side elevation and plan, the general 
arrangement of the fuselage, and should, in conjunction 
with the various sections and key diagrams, explain fairly 
clearly the general layout of the body. Where the tail 
begins two extra longerons on each side have been built 
into the bulkheads of the body. These two short longer- 
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ons have, in plan, a direction parallel to the line of flight, 
while the main longerons continue on their converging 
course. This arrangement is indicated in the plan view 
Fig. 8. In side elevation the short longerons, against 
which lie the inner ribs of the tail plane, have the same 
curvature as the tail plane. In this manner the lines 
of the rear part of the body are not spoiled, while an easy 
flowing curve is provided for running the tail plane into 
the body. 

Reference has already been made to the peculiar attach- 
ment of the tail planes to the body. The sketch at the 
top of Fig. 9 shows in perspective this attachment, which 
is also illustrated in the diagram in the bottom left-hand 
corner of Fig. 9. The bulkheads of the body are extended 
outwards to form cantilever beams which support the tail 
plane. There are three of these cantilever beams, while 
further support is provided for the tail plane leading and 
trailing edges as indicated in the sketches. The spars of 
the tail plane are of the bos type, built up of ash flanges 
with thin three-ply sides, cut out for lightness. These 
spars are so proportioned that they fit over the cantilever 
beams, which do not, it will be seen, run right out to 
the edge of the tail plane, but are finished off just outside 
the second tail plane rib. No external bracing of the tail 
plane is provided, the depth of it and the method of mount- 
ing being relied on for the necessary strength. 

To provide against the tail plane sliding off its canti- 
lever supports it is secured at the leading and trailing 
edge. The former attachment is indicated in the bottom 
right-hand corner of Fig, 9. A sheet steel shoe fits over 
the corner of the leading edge and inner rib, and through 
this shoe a long bolt passes, which runs across the body to 
a similar shoe on the other side. In Fig. 10 is shown the 
rear attachment of the tail plane. A sheet steel box sur- 
rounds the corner of the fuselage. Welded to this box is 



a short tube which fits into a circular recess in the end of 
the trailing edge of the tail plane. As the elevator tube 
runs right across and is fitted with collars bearing against 
the sides of the clips that form the bearing for the elevator 
tube, the trailing edge of the tail plane is prevented from 
slipping outwards. 

The manner employed of forming bearings for the ele- 
vator is indicated in the diagrams of Fig. 10. A steel strip 
is bent over the tube, and its two free ends are bent over 
and tit into slots in the trailing edge of the tail plane. 
Each clip is then secured to the tail plane by a vertical 
bolt as shown in the diagram. The trailing edge of the 
tail plane is spindled out to a semi-circular section as 
shown, and a curved metal distance piece is screwed to 
this trailing edge or spar, so as to form the second half 
of the bearing of which the bent steel strip forms the 
other half. To remove the elevator the bolts securing the 
clips are undone; the clips are then bent outwards until 
their free ends clear the slots, when the elevator can be 
removed bodily. 

As the elevator is built of steel tubing throughout, wood 
blocks of the shape shown in detail 1, Fig. 10, are em- 
ployed for attaching the fabric covering. These blocks 
span over the steel strip bearings, and are secured to the 
tubular leading edge of the elevator by screws as shown 
in section B-B. A hole in the opposite wall of the tube 
serves for the insertion of the screwdriver. 

As regards the remaining details of the tail of the Alba- 
tros little need be said, as they are fairly evident from the 
plan and sections of Fig. 11. It will suffice to point out 
a rather ingenious construction of the leading edge of the 
tail plane. In plan the tail plane, it will be seen, is 
roughly semi-circular, and its leading edge therefore has 
to be shaped to this curvature. As an ordinary strip of 
solid spruce spindled out to a semi-circular section would 
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scarcely be strong enough for this work, a different method 
has been employed. It appears that originally the lead- 
ing edge of the tail is made up of four laminations of ash, 
having, of course, their grains running in slightly different 
directions. The rectangular section spar thus formed is 
then spindled out to a semi-circular section, as shown in 
the diagram, leaving the impression that the leading edge 
is made up of seven thin strips of wood glued together. 
The resulting leading edge appears to be one of great 
strength, while at the same time being quite light. 

The cockpits of the Albatros are arranged in the fash- 
ion now universally adopted for two seaters, by Allies as 
well as by the enemy, i. e., the pilot in front and the gun- 
ner in the rear cockpit. The pilot's seat is mounted, in 
the Albatros, on the main fuel tank, which has two an- 
nexes on top, one or each side of the seat. This arrange- 
ment is clearly indicated in Fig. 12, in which the small 
clips preventing the seat from sliding about on the tank 
will be noticed. The filled cap is mounted on a tubular 
projection extending through the fuselage covering, thus 
. enabling the tank to be refilled from the outside. A 
smaller auxiliary tank is mounted above and to the rear 
of the main tank, in the gunner's cockpit, as a matter of 
fact. Both tanks are connected up to a by-pass or dis- 
tributor, so that both or either tank can be connected up 
to the engine, two pumps being provided for maintaining 
the necessary pressure, one driven by the engine and the 
other hand operated. Thus, whatever tank is being used, 
petrol is fed to the carburetor under pressure. This has 
probably been a necessary provision, as the tanks are 
placed relatively low and gravity feed would, therefore, 
be apt to be unreliable when the machine is climbing at a 
fairly steep angle. 

Constructional^ the petrol tanks arc of interest in that 
they have been internally braced by rods running across 
from side to side, the attachment of the rods being visible 



on the outside of the tank as shown in Fig. 12. To pre- 
vent the petrol from slushing about inside when the tank 
is nearly empty baffle plates are fitted dividing the main 
tank longitudinally into five compartments, communicating 
with each other through the circular openings shown in 
the section of the tank, Fig. 12. As the supply pipe 
leaves the tank fairly high up — it can be seen on the 
front right-hand side of the tank in Fig. 12 — it is carried 
down inside to the bottom of the tank so as to enable the 
last drop of petrol to be forced out and into the carbu- 
retor. The main tank is mounted on brackets as shorn 
in one of the sketches, and is secured by metal straps hav- 
ing an arrangement for adjustment. 

In F'ig. 18 is shown the general arrangement of the 
controls. There is a transverse rocking shaft at each 
end of which are mounted crank levers for operating the 
elevators, while in the centre, pivoted so as to be free to 
rock laterally, is mounted the main control lever. 
Mounted on the transverse shaft, but not moving with it, 
is another lever, which operates the claw brake mounted 
on the wheel axle. The arrangement of this brake is 
shown in Fig. 14. By pulling the lever the free end of 
the claw brake is pulled upwards, thus causing the claw 
to dig into the ground. On releasing the lever, the brake 
is returned to its normal position by the action of the 
spring shown in the sketch, 

The transverse rocking shaft is carried, as indicated in 
Fig. 14, in two bearings mounted on the lower longerons. 
A forward and backward movement of the control lever 
causes the shaft to oscillate, and with it the two crank 
levers to which are attached the elevator control cable 
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These cables run from the crank lever, around a pulley 
slightly forward of the transverse shaft as shown in the 
sketch, and hence to the top crank lever on the elevator. 
The return cable runs from the crank on the under side 
of the elevator to the crank on the transverse shaft. En 
route these cables pass over pulleys mounted in the rear 
position of the fuselage, these pulleys being shown in 
detail in some of the accompanying sketches (Fig. 15). 

As regards lateral control, the general arrangement of 
this is indicated in diagrammatic form in Fig. 16. From 
the control lever the direct cable passes over a pulley on 
the transverse shaft, along through the bottom wing, 
around another pulley in the wing, and hence to the rear 
half of the aileron crank lever. The return cable runs 
from the front half of the aileron crank lever, around 
another pulley in the lower wing, through the wing and 
through the transverse shaft to a pulley on the other side 
of the control lever, and hence to the screw on the con- 
trol lever. The details will be clear from Fig. 13. 

The foot bar operating the rudder is mounted on a pyra- 
mid of steel tubes, and the rudder cables are taken, not, 
it will be seen, from the foot bar itself as is generally 
done, but from a short lever projecting forward at right 
angles to the foot bar. From this lever the cables pass 
over pulleys and to the cranks on the rudder. It will be 
seen that provision has been made for making adjustments 
of the foot bar to suit pilots of different height by fitting 
on extra foot bar. 

As in the majority of German machines, provision has 
been made for locking the control lever in any position, 



either flying level, climbing, or descending. This is ac- 
complished by means of a collar free to slide along the 
control column, but being split and provided with a bolt 
for tightening up, when the collar is locked in position 
on the control column. Anchored to this collar by two 
screws is a fork end, from which a tube runs down and 
forward to terminate in a ball and socket joint secured to 
the bottom of the fuselage. This ball and socket joint, 
it will be seen, enables the control column to be moved 
freely in any direction, and to allow it to be moved 
from side to side, even when the forward movement of 
the column is prevented by locking the collar. In this 
manner, the pilot can lock the elevator, while operating 
the control column Irom side to side for lateral control 
with his knees. 

While on the subject of controls, reference might be 
made to the crank levers on the elevator and rudder. 
These arc shown in Fig. 17, from which their construc- 
tion will be evident. The crank lever of the elevator has 
projecting from it a tapering tube running to the trailing 
edge of the elevator. The tubular rudder post is working 
in bearings similar to those described in our last issue 
when dealing with the hinges for the elevator. At the 
bottom the rudder tube fits into and is supported by a 
socket carried on a clip bolted to one of the transverse 
bulkheads of the fuselage. A peculiarity characteristic 
of the Albatros is the method of attaching the control ca- 
bles to the crank levers. A socket is formed in the end 
of the crank lever, and into this fits a cup-shaped piece 
of steel machined on one of the bolts of the wire strainers, 
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r'ig. 13. The controls of the Albatros biplane. Insets show the ball and socket joint 
for the control lever locking arrangement, and hand grip with gun trigger on the main 
control lever, y 





Fig. 16. Diagram of the aileron control system of tbe Albatros Fighter 



Fig. IS. "A" shows the pulley over 
which the elevator cable passes after 
leaving crank lever on rocking shaft (See 
Fig. 13). "B" The pulley mounted on 
the top longeron (in front of the tall 
plane) over which the elevator control 
passes. "C" This pulley bolted to tbe 
middle longeron just ahead of the tail 
plane guides the elevator cable. " D " 
This pulley guides the rudder cable in 
front of the footbar. 



Fig. IS. The machine-gun and Its 
mounting on the Albatros Fighter. The 
bag for the spent cartridges should be 
noted. When not In use, the butt of the 
gun rest* In the clip shown. The two 
smaller sketches show the locking devices 
for the gun pivot (left) and the gun 
ring (right) 



Fig. 19. So as to be out of the way 
when the gunner is firing from a stand- 
ing position, the seat on the Albatro* 
Fighter is hinged and Sprung as shown 
In this sketch 




Fig. IT. Elevator and rudder crank levers on tbe Albatros hlplane. (A) Elevator crank lever with its ball socket joint for tbe 
turn buckle. (B) Bottom rudder bracket and crank lever. (C) Mounting of the rudder. 
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Fig. 22. Sheet steel spar box and 
socket for compression tube of the up- 
per plane of the Alhatros biplane. The 
bottom sketch shows the attachment of 
the terminals for the interplane cables 
and struts 



Fig. 23. Sections of (he leading edge, m- 
biplan 



spars and false spar of the Albatro? 



much in the same manner as the terminal attachment of 
the main lift cables. Thus any vibration in the control 
cable is not transmitted to the crank lever, the cup-shaped 
head of the turn-buckle bolt being free to move in its 
socket in the crank lever. 

Reference has already been made to one part of the 
armament of the Alhatros, namely, the synchronized ma- 
chine-gun operated by the pilot from the trigger on the 
main control column. In addition there is a movable ma- 
chine-gun mounted on the usual gun ring in the rear cock- 
pit. The general arrangement of this gun mounting is 
shown in the sketch, Fig. 18. The gun ring itself is built 
up of thin three-ply wood, and runs on small rollers on 
its support so as to reduce friction. It is prevented from 



tilting up by wooden angle pieces screwed to its under- 
side and overlapping the fixed support. 

The machine-gun is supported on the gun ring by a 
swivelling fork, which can be raised and lowered as re- 
quired, and which can be locked in any desired position 
by the locking arrangement indicated in the sketch of 
the general arrangement. In addition to its circular move- 
ment integrally with the gun ring, the machine-gun may 
be swung laterally on its pivot in the gun ring. Here 
also a locking device is provided in the shape of a split 
collar locked by an L bolt, as shown in one of the insets. 
The other inset in Fig. 18 shows the lever by means of 
which the gun ring is locked in any desired position. 

As presumably it frequently happens that the gunner 




Fig. 3I_C«a«niI «iTOg«nrat M tbi irw Mt-baad wing at lb* AlbWro* blplana, to Mat*. 



180 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 



wishes to fire from a standing position his seat has been 
so arranged as to swing into a vertical position as soon 
as it is relieved of its weight. This is accomplished by 
means of a spring under the seat, as shown in Fig. 19, 
which is, we think, self-explanatory. A strip of wood 
runs transversely under the seat and projects a short dis- 
tance on either side. These projections rest, when the 
seat is in a horizontal position, in brackets secured to the 
sides of the fuselage. 

The Albatros biplane belongs to the C class, that is 
to say, is a general utility machine variously used for 
fighting, reconnaissance, artillery spotting and photog- 
raphy, and is therefore not to be considered a bombing 
machine. It is, however, provided with racks for a small 
number of bombs — four, to be exact — presumably by 
way of cases of emergency when a suitable target might 
present itself. Fig. 20 is a diagrammatic perspective view 
of the bomb racks and bomb release gear. The bombs are 
secured underneath the main tank in the pilot's cockpit, 
but they are released by the gunner in the rear cockpit by 
means of a small lever and quadrant shown in Fig. 20. 

The bomb racks are in the form of sheet steel sup- 
ports, against the bottom of which rest the nose and the 
tail of the bombs respectively. These brackets are se- 
cured to transverse members in the bottom of the fuselage, 
which have been omitted in the drawing for the sake of 
clearness. The bombs themselves are supported by a 
steel strap or band, passing underneath and approximately 
under the middle of the bombs. At one end the straps 
are hinged, while at the other they are provided with an 
eye, which is secured in the hook under the release trigger. 
One of the sketches in Fig. 20 shows in more detail the 
hook in which the eye of the strap rests, and the trigger 
by means of which the strap is released. The trigger is 
pivoted near its centre, and has an upward projection to 
which is attached a small coil spring resting in a groove 
in the base supporting the hook. When the cam on the 
transverse shaft presses down the rear end of the trigger, 
the front end moves upward against the tension of the coil 
spring mentioned above, thus releasing the strap and with 
it the bomb. 

As regards the cams which operate the bombs, these are 
mounted on a transverse shaft running across the bottom 
of the fuselage. There are four cams, each operating its 
trigger, but the gearing of the camshaft is such that it 
requires five pulls on the lever in the gunner's cockpit 
to rotate the shaft through a complete revolution. One 
of these pulls of the lever has no corresponding cam on 
the shaft, and has, it appears, been incorporated in order 
to provide an equivalent of a safety catch. When all the 
bombs arc in place the first pull on the lever does not 
release a bomb, but merely brings the cam for bomb No. 
1 into position, ready to press, on the next pull of the 
lever, the trigger for the first bomb. This has evidently 
been done as a precaution against accidentally releasing 
a bomb until the machine is approaching an objective. 

We now come to consider the method of operating the 
transverse camshaft. Near the right-hand side of the 
fuselage there is mounted on the camshaft a small ratchet 
having five teeth, as shown in Fig. 20. On this ratchet is 



a small cam, roughly of cone shape. This cam engages 
with grooves in the pulley around which passes the operat- 
ing cable. A small leaf spring engages at the proper mo- 
ment with the notches in the ratchet and prevents the 
shaft from rotating in the reverse direction. One end 
of the operating cable is attached to a coil spring secured 
to the side of the fuselage, and passes from there around 
the pulley to the lever in the gunner's cockpit. Assuming 
that the first cam is in position ready to release its bomb, 
a backward pull of the lever rotates the pulley and with it 
the ratchet and camshaft, thus pressing down the trigger 
of one of the bomb racks and releasing a bomb. When 
the gunner releases the lever this is pulled forward to its 
normal position by the spring on the side of the fuselage. 
The little leaf spring engaging with the ratchet prevents 
this and the shaft from following the pulley round in the 
opposite direction, and the cam on the ratchet sliding up 
the sloping bottom of one of the five grooves in the face 
of the pulley forces the pulley away from the ratchet 
against the compression of a small coil spring shown in 
the sketch. By the time the lever has reached its for- 
ward position, the pulley has revolved to such an extent 
as to bring the cam on the ratchet into the next groove in 
the pulley, and when the lever is again pulled the whole 
action is repeated. The sketch will probably help to make 
the action clear. 

In addition to a bomb release lever, there is in the gun- 
ner's cockpit another lever, the function of which appears 
to have been to engage and disengage a clutch near the 
engine, by means of which a drum is operated carrying 
the aerial of the wireless. In the bottom of the gunner's 
cockpit, near the left-hand side, is an octagonal opening 
in the floor, in which, so far as we can make out, the 
camera was mounted. The compass, so as to be visible 
from both cockpits, has apparently been mounted in a 
circular opening in the right-hand lower main plane. 

We now come to deal with the wings of the Albatros. 
These are, generally speaking, of the construction favored 
by the Albatros designer, that is to say, the front spar is 
well forward close to the leading edge, and the rear spar 
is approximately half-way along the chord. In addition, 
there is a third false spar, which is not, however, con- 
nected up to the body nor supported by any struts, and 
which cannot therefore be considered as taking any par- 
ticularly important part of the load. It will, therefore, 
be realized that the rear main spar may at small angles 
of incidence, when the centre of pressure moves back- 
wards, be called upon to support all or nearly all of the 
load. This has evidently been guarded against in the 
Albatros by making the rear spar of generous proportions. 
Both main spars are made of spruce, and are of the box 
type, consisting of two halves spindled out and glued 
together with a hardwood tongue running through both 
flanges. The ribs are of I-section, with spruce webs and 
ash flanges. Between the main spars false ribs are em- 
ployed half-way between the adjoining main ribs, so as 
to better preserve the curvature of the wing for this dis- 
tance. 

The general arrangement of the upper left-hand wing 
is shown with dimensions in Fig. 21, from which the gen- 
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eral lay-out of the wing will be clear. The internal drift 
wiring is in the form of five bays, the compression struts 
for this wiring being in the form of circular section steel 
tubes. In the two inner bays both drift and anti-drift 
wires are in duplicate and are approximately 12 S.VV.G. 
The next two bays have single wiring, also of 12 S.W.G., 
while the outer bay has single wiring of 14 S.W.G. 

The attachment for the compression tubes and the drift 
and anti-drift wires is shown in Fig. 22. A box of thin 
sheet steel surrounds the spar at this point and is bent 
over and bolted as shown in the small section in Fig. 22. 
On the inner face of the spar this sheet steel box has two 
wiring plates stamped out, which receive the drift and anti- 
drift wires. A short cylindrical distance piece is welded 
on to the box, and around this fits a short tubular sleeve 
held in position by a slit pin. This sleeve forms a socket 
for the tubular compression strut. 

Vertically the spar is pierced at this point by three 
holes, for the bolts securing the interplane strut and the 
two interplane cables. The attachment for the latter is 
shown in Fig. 22. The base plate has machined in it two 
recessed circular openings which receive the two terminals 
for the cables. These terminals are prevented from ro- 
tating by a small rivet as shown in the sectional view. In 
order to further strengthen the spar at the point where 
it is pierced by these three bolts, the spar is left solid for 
a short distance on each side of the box, and packing 
pieces are interposed between the box and the spar, so as 
to bring it up to an approximately rectangular section in 
order to get the bolts coming through the spar and base 
plate at right angles. 

In Fig. 23 are shown sections, to scale, of the two main 
spars, the false spar, and the leading edge. The trailing 
edge is, as in the majority of German machines, in the 
form of a wire. 

Fig. 24 shows the shape and dimensions of the wing 
section. As in nearly all German machines, the camber 
is, it will be seen, extremely great, both as regards the 
upper and lower surface. 

The precise object of employing such a wing section 
is not at once apparent, but it should be remembered that 
the German machines carry a comparatively great load 
per square foot of wing surface, and the probabilities are 
that the section has been designed with a view to enable 
the wing to support this high load at comparatively great 
altitudes, and has, therefore, probably an excess resist- 
ance at lower levels. 

In addition to the general construction drawings of the 
Albatros wings, shown in a previous illustration, we are 
able to give some of the more interesting constructional de- 
tails. Fig. 26 shows some details of the upper left-hand 
wing near the tip, and also the general arrangement of one 
of the ailerons. As will be gathered from the sketch at the 
left top of Fig. 26, the wing flaps are built up of steel 



tubing throughout, and each aileron is balanced by a for- 
ward projection, not, as in the Gothas, outside the tip of 
the main wing, but working in an opening in the main 
plane. As in nearly all German machines, the aileron is 
not hinged to the rear main spar, but to a third false spar 
situated between the rear main spar and the trailing edge. 
The method of hinging the aileron will be clear from the 
detail section and elevation at A. A. steel clip is bent over 
the tube of the aileron and has its forward ends bent into 
grooves in wood blocks on the front face of the spar, 
much in the same manner as was employed in the case of 
the elevator hinge and described when dealing with that 
member. As in the case of the elevator hinge the fabric 
covering of the wing flaps is attached to wood blocks 
screwed to the tube. 

The crank lever for operating the wing flap is in the 
form of an elliptical section tube tapering towards its ends. 
Each half of this crank lever carries three wiring clips, 
as shown at B. It will be seen that by providing three 
clips on each end instead of one, a means for varying the 
gearing of the wing flap control is furnished. If a pilot 
wishes the machine to be fairly sensitive on the lateral 
control he will naturally attach his wing flap cables to the 
inner clips, since thereby a movement of the control lever 
will result in a larger movement of the wing flap. On 
the other liand, if he prefers to have a large movement 
on his control lever without too great corresponding angu- 
larity of his wing flaps or ailerons, he will attach his cables 
to the outer clips, as this will result in a " gearing down " 
of the wing flap. 

The forward end of the wing flap crank lever works in 
a slot between two closely spaced ribs, as shown in the 
sketches. At this point the ribs are strengthened by mak- 
ing them of the box type for their rear portion, and the 
ash flanges of the ribs are left wider over this portion, 
while being reduced to their normal width from the rear 
spar forwards, as indicated in the sketch. At this point 
also occurs the strut and lift cable attachment. This 
strut being the last, there is only one cable instead of the 
two occurring where the inner struts are attached, other- 
wise the attachment is similar in principle to the usual 
German practice. The spar box and strut and cable at- 
tachment is indicated in the detail sketch at C. The tubu- 
lar compression strut is secured in the same manner as 
that of the fitting previously referred to. 

As previously pointed out, the trailing edge of the Alba- 
tros wings is in the form of a wire, and the method whereby 
the outer main rib is prevented from bending sideways is 
illustrated in the detail sketches at D and E. In addi- 
tion to the wire forming the trailing edge, there is another 
wire running parallel to it and carried right through the 
wings, the object of which appears to be to provide a 
counterpoise capacity. The wiring in the Albatros is not 
extensive, and in the case of the fuselage it is absent alto- 
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Pig. 35. The spar box and Its attachment t 

gether, and it therefore appears probable that the thin 
cables running along the wings and the longerons of the 
fuselage serve the purpose of providing the necessary 
amount of wiring, otherwise one is at a loss to account 
for their function. 

It has always been customary for German aeroplane 
designers to provide some easy means for quickly detach- 
ing the wings from the body, and the present Albatros is 
no exception from the rule in this respect. The cables 
themselves are not, it is true, fitted with the quick release 
devices one finds on the L.V.G., for instance, but the spar 
attachment has been designed to facilitate the removal of 
the wing, even if that of the cables has not. In Fig. 25 is 
shown the spar box and its attachment of the lower wing. 
A sheet steel box surrounds the root of the spar, and has 
in its end a slot into which fits the lug secured to the 
side of the body. 

Welded to the side of the spar bos is a socket forming 



the fuselage of the Alhatros fighting biplane 
a bayonet joint, into which fits a pin fitted with a small 
spiral spring. The spar is held against the side of the 
body with the lug projecting into the spar box, and the 
pin is inserted and given a twist so as to bring the pro- 
jections on the pin into the notches in the baronet joint, 
and the spar is secured. For removing the wing all that 
has to be done is to press the pin slightly against the 
action of the spiral spring, give it a twist and pull it out 
of its socket, and the spar can be withdrawn. The spar 
is secured to the spar box by screws, and the box is fur- 
ther secured against tensional loads by a steel strip about 
a foot long running along the face of the spar and an- 
chored at its other end by a bolt passing horizontally 
through the spar. 

As the lower wing spars are subject, in addition to 
the bending moment owing to the lateral load on them, 
to tension, the attachment to the body has to be such that 
it will resist a tensional load as well. 




Fig. 28. The wing flap and some wing details of the Albatros fighting bipl. 
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The lug to which the spar is attached fits into a recess 
in the base plate formed by stamping. The axial pull 
is transmitted across the bottom of the fuselage via the 
brackets and strips shown, which are bolted to the base 
plate holding the lug. In order to prevent the lug from 
turning it is riveted by four rivets as indicated. 

The upper planes are attached, as in nearly all Ger- 
man machines, to a four-legged cabane. In addition to 
supporting the wings the cabane of the Albatros carries 
the radiator, which is of the same shape as the wing 
section and which fits into an opening in the wing. The 
cabane is shown in Fig. 27. It will be seen that one of 
the cabane legs carries for a short distance the water tube 
from the radiator to the engine. 

The attachment of the upper wing spars to the cabane 
is somewhat similar to that of the lower spars, inasmuch 
as a pin fitted with a spiral spring secures the spar to the 
cabane. Here, however, the similarity ceases. Instead 
of the spar box into which fits the lug on the side of the 
body, the upper spars are provided with a forked lug, 
probably a forging machined to shape, of the form shown 
in Fig. 28. The lug of the opposite spar is of the same 
shape, but is, of course, reversed, so that when the two 
spars meet against the top of the cabane, their respective 
lugs are staggered in relation to one another. From the 
shape and attachment of the lugs it will be seen that as 
they are staggered on the spar and in relation to one an- 
other, the spars will, when in place, come in line with 
one another. On one of the outer faces of the forked 
lug a piece is left solid, and is shaped to receive the 
rounded end of the opposite lug. This has probably been 
done in order to reduce the shearing stress on the pin se- 
curing the lugs to the cabane. 

The wing-flap crank-lever of the lateral control is 
horizontal, as in so many other German machines. The 
control cables for the wing-flaps are, therefore, arranged 
in a somewhat unusual way. The details of this arrange- 
ment are shown clearly in Fig. SO. From the front and 
rear half of the wing-flap crank-lever cables pass down 
to pulleys enclosed in a casing mounted on the rear face 
of the back spar of the lower plane. After passing over 
these pulleys the control cables pass through the rear 
spar to another pair of pulleys mounted on the tubular 
compression strut, and hence to the controls in the body. 
A light framework surrounds the pulleys as shown in the 
sketch, and forms the support for the hinged inspection 
doors by means of which the condition of the pulleys and 
control cables may be examined. The tension of the 
wing-flap control cables is regulated by means of turn- 
buckles inside the lower wing. These turnbuckles are 
situated close to the side of the bodv, and are rendered 
accessible by hinged aluminium inspection doors on the 




lower surface of the bottom wing. In order to prevent 
the turnbuckles from catching against the edges of the 
wing ribs, cables and turnbuckles are surrounded by a 
tube of aluminium, having on its under side an opening 
with edges flanged outwards to reduce the danger of a 
slack control cable allowing the turnbuckle to touch the 
edges of the opening in the tube. 

As in the majority of modern tractor aeroplanes, the 
undercarriage of the Albatros is of the Vee type, and is 
built of stream-line steel tubing throughout. The gen- 
eral arrangement of the undercarriage is shown in 1, Fig. 
29, from which it will be seen that only the front pair 
of undercarriage struts are diagonally braced by cables. 
Reference lias already been made to the claw brake, and 
to the manner in which it is operated from the pilot's 
cockpit. In the sketch its general arrangement will be 
evident. The front and rear struts of the undercarriage 
fit into split sockets at the top and bottom respectively, 
from which they may be withdrawn by undoing the bolts 
of the socket, thus facilitating replacement in case of dam- 
age due to a rough landing. 

Front and rear strut sockets are attached to the body 
in a slightly different manner, as will be seen from the 
sketches of Fig. 29. In the case of the front strut sockets 
these are welded to a wide steel strip passing underneath 
the bottom of the body, thus tending to distribute the load 
over a greater area of the body. The details are shown 
in the general arrangement sketch, and in 4, Fig. 29. 
Just inside the strut socket the cup-shaped terminal for 
the diagonal bracing cables of the undercarriage is se- 
cured, while a short distance above the socket is situated 
the attachment for one of the main lift cables. This ball 
and socket joint, which is used with slight variations on 
nearly all German machines, appears to be almost the 
only fitting that may be truly said to have been standard- 
ized by the Germans. It is made in a range of sizes, no 
doubt all made to some uniform standard, so as to render 
it applicable to a number of different types of machines. 
The details of the fitting are indicated in 2 and 3, Fig. 29. 
The base plate securing the hemispherical socket to the 
body or whichever part of the aeroplane the terminal hap- 
pens to be attached to, is recessed, probably by stamping, 
and into this recess fits the flange of the socket. The 
socket itself is free to turn in the circular recess of the 
base plate, thus allowing the cable to accommodate itself 
to any angle desired. The end of the turnbuckle has two 
flats on its shank which prevent the strainer from turn- 
ing. For purposes of adjustment the slot in the socket 
is enlarged at its inner end so as to allow the strainer 
to turn when in a position at right-angles to the base plate. 

The attachment of the rear chassis strut to the bodv is 
shown in 5, Fig. 29. The base plate to which the strut 




Fig. 27. The cabane supporting the radiator and upper plane Fig. £8. 
of the' Albatros biplane. Note the manner of carrying the water 
tube through one of the cabane legs 



Sketch showing lugs on root of upper main wing spars 

of the Albatros 
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socket is welded is of angle section, and is secured, via any explanation. Running across the undercarriage par- 
brackets as shown, to steel strips running across the body, allel with the axle are: in front a compression tube, and 
and which take the tension of the lift cables. This ar- behind a stranded cable. 

rangement is somewhat similar to that of the lower wing A steel strip protects the rubber shock absorbers from 

spar attachment, which we described in a recent issue. contact with the ground, and a padding of leather is in- 

The lower ends of the two Vees are formed by short terposed between the axle and the bottom of the Vec. 

lengths of bent tube of slightly larger dimensions than The upward travel of the wheel axle is limited by a short 

the struts themselves, for which they form sockets. The loop of cable, against which the axle comes to rest after 

details will be evident from the sketches and hardly need travelling the permissible amount. 



Side view of the Albatros C-V Fighter The chassis of the Alhntros C-V Type 
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Three views of the Fokker Single Scaler 

The Fokker Single Seater Biplane — Type D-7 



This aeroplane presents features of very great inter- 
est, whether viewed from the standpoint of aerodynamic 
design or of actual construction. The machine which has 
been the subject of investigation was, unfortunately, 
rather extensively damaged, thus making absolute ac- 
curacy of description difficult, and trials of performance 
impossible. 

A similar machine, however, has been tested for per- 
formance by the French authorities, who have issued the 
following report: 





Altitude 




Speed at 




metres 


Time of climb 


this height 


1,000 


(3,281 ft.) 


4 mins. 13 sees 


116.6 m.p.h. 


2,000 


(6,563 ft.) 


8 mins. IB sees 


114.1 m.p.h. 


3,1)00 


(9,843 ft.) 




109.7 m.p.h. 


/ 4,000 


(13,134 ft.) 


i 2 mins. 48 sees 


103.5 m.p.h. 


5,000 


(16,405 ft.) 


38 mins. 5 sees 


94.9 m.p.h. 



The principal dimensions are as follows: 

Span 29 ft. S'/a ins. 

Chord (upper wing ) 5 ft. 3'/^ ins. 

Chord (lower wing) 3 ft. 11% ins. 

Overall length 22 ft. 11 '/ 2 ins. 

Gap 4 ft." 2 Ins. 

Area of upper wings (with ailerons) 140.7 sq. ft. 



Area of lower wings 78.3 sq. ft 

Area of aileron (one only) 5.7 sq. ft. 

Area of balance of Aileron .5 sq. ft 

Area of horizontal tail plane . , 31.1 sq. fL 

Area of elevators 15.3 sq. ft. 

YArea of balance of elevator 1.1 sq. ft. 

Area of fin 2.8 sq. ft. 

Area of rudder 5.9 sq. ft 

Horizontal area of body 35.6 sq. ft. 

Vertical area of body 58.6 sq. ft 

Area of plane between wheels 13.4 sq. ft. 

The following data regarding weights is taken from a 
French source: 

Weight of fuselage, complete with engine, etc 1,322.2 lbs. 

Weight of upper wing with ailerons 167.3 lbs. 

/ Weight of lower wing 99.0 lbs. 

Weight of (in and rudder 6.6 lbs. 

Weight of fixed tail plane 17.6 lbs. 

Weight of elevators 9.9 lbs. 

1,633.5 lbs. 
Wings 
As in the Fokker triplane, the extreme depth of wing 
section and the absence of external bracing are distinctive 
features. Both upper and lower wings are without di- 
hedral, and are in one piece. 
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Sections of the wing spar of -the Fokkcr 




' Wing Construction 

In sharp contradistinction to the fuselage, which is con- 
structed of steel even including members where wood 
is almost universally used, the wings contain no metal 
parts, if we exclude strut fittings and other extraneous 
features. There are no steel compression members, but 
where the internal wiring lugs occur, special box-form 
compression ribs are fixed. The leading edge is of very 
thin three-ply, which has a deeply serrated edge, finish- 
ing on the main spar. The ribs are' of three-ply, and are 
not lightened, although holes are, of course, cut where 
necessary, to accommodate the control and bracing wires. 
A rib from the top center section, and one from the root 
of the lower wing, are both drawn to scale. See Fig. 1. 

The extreme thinness of the three-ply has given rise 
to a new method of fixing the flanges, on the ribs. In- 
stead of grooved flanges tacked on so that the tacks run 
down the length of the three-ply, two half flanges of 
approximately square section are tacked together hori- 
zontally with the ply sandwiched between. 



As may be seen from the various sections drawn to 
scale in Figs. 3 and 4, the spars are made up of fairly 
narrow flanges at top and bottom, joined on either side 
by thin three-ply webs. They are placed approximately 
SO cms. apart. The flanges are made of Scots pine, and 
consist of two laminations. The three-ply has the two 
outer layers of birch and an inner ply which is probably 
birch also. 

The three-ply webs are tacked on to the flanges, and 
fabric is glued over the joint. The cement is an ordi- 
nary gelatine glue. 

The spar webs are glued to the flanges by a waterproof 
casein cement, which is proved to contain gelatine, while 
the plywood adhesive — also a casein cement — is water- 



proofed and of sufficiently good quality to withstand four 
hours' immersion in boiling water. 

The trailing edge is of wire, and tape crosses from the 
top of one rib to the bottom of the next in the usual way. 
This tape lattice occurs about half-way between the trail- 
ing edge and the .rear spar. 

Fig. 3 shows the sections of the front and rear upper 
plane spars, taken in the centre section and at the inter- 
plane struts, while Fig. 4 gives the corresponding lower 
spar sections. 

The ribs are stiffened between the spars by vertical 
pieces of wood of triangular section. There are two such 
pieces on each rib in the upper plane, and one in the lower 
plane. 

All the woodwork of the wings is varnished, and fabric 
is bound round the flanges of the ribs and glued to the 
top and bottom of the spars. 

The workmanship is decidedly good, and the finish neat 
and careful. 

L Struts 

The struts are all of steel tubing of streamline section, 
and the centre section system is particularly worthy of 
attention. AH those three struts which meet at a point 
on the front spar of the upper wing are welded to the 
fuselage framework, and are thus not removable when 
the machine is dismantled (see Fig. 5). The strut which 
joins the rear upper spar to the front lower spar, how- 
ever, is not welded but is fastened by a ball and socket 
joint, which is the subject of Fig. 6. It will be noticed 
that the ball forms the extremity of a threaded bolt whicli 
is screwed into the end of the strut, thus making it pos- 
sible to adjust the length of the latter. Both ball and 
socket are drilled and a bolt locked through the hole. 
The attachment of upper centre section struts to the wing 
spar is shown in Fig. 7. 

As is made clear in the scale drawings, the interplane 
struts are of N shape when seen from the starboard wing 
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tip. The three members of the N are welded together, 
and all four free extremities have the adjustable attach- 
ment described above. It has already been mentioned 
that there is no external bracing, the wing construction 
being made sufficiently strong against lift stresses to 
obviate its necessity, and the form of the interplane struts 
is interesting in this connection. 

' Fuselage 

This is exactly similar in design and construction to the 
triplane body — allowing, of course, for the difference 
in type of engine and for the fact that both wings have 
two spars instead of one. The longerons and cross struts 
are of circular section steel tube welded in place, and 
carrying at the corner the small quadrant of steel tube 
which carries the bracing. The diameters of these tubes 
vary from 22 mms. to 18 mms., and the steel was of 24 
gauge in the places where the tubes had been pierced by 
bullets. 

This bracing well repays attention. All sides of each 
section are cross-braced with piano wire, which is simply 
passed round the two lugs to be joined and has its ex- 
tremities connected by means of a turnbuckle. This 
method has the great advantage that only two loops are 
required in the wire instead of four, and in consequence 
this bracing can be very rapidly assembled. It is also 
possibly lighter in relation to its strength than the usual 
arrangement of single wire bracing. Fig. 8 shows how a 
lifting handle is clipped on to the lower longerons. 

The front part of the body is a particularly good piece 
of welding, and includes the engine and radiator sup- 
ports as well as the arrangement by which the continuous 
spars of the lower planes can be placed in position. This 
is done by removing two fork-ended tubes (one each side 
of the body), and replacing these when the wings are in 
position. Fig. 9 shows how the wing spar is joined to 
the fuselage and Fig. 10 shows the fuselage joint at this 
point. 

The cowling is of aluminum, and covers the front por- 
tion of the fuselage on all four sides. It is extended on 
the top to the cockpit, and underneath to beyond the 
rear spar. The cowls are arranged in convenient sheets, 
and are fastened by means of bolts and nuts of unusual 
shape. The nuts have small handles about 1 in. long, 
which enable one to manipulate them without tools. From 
the rear half of the cockpit to the junction of the tail and 
body, the top is furnished with a three-ply fairing, which 
extends over not quite the whole width of the fuselage. 
This is shown in Fig. 11. 

Tail 

The fixed tail planes and elevators are almost similar 
to those of the triplane, i.e., the tail is triangular and the 
elevators balanced and divided, although they are actually 
made in one piece. The biplane, however, has a tri- 
angular fin whose foremost point is fixed an inch or two 
to the port side of the centre line of the machine, thus 
providing a surface which is inclined slightly to the longi- 
tudinal axis of the aeroplane. This is illustrated in Fig. 
12, and is no doubt arranged to balance the tendency of 
the machine to turn to the left in flight, due to the slip- 
stream. 

The framework of the tail is of circular section steel 
tubing throughout, including the trailing edges, and this 



framework is arranged to give the fixed tail a symmetrical 
camber. The attachment of the tail plane to the fuselage 
is simple and effective. As is the case in the triplane, 
the top longerons are dropped at this point sufficiently to 
allow the tail plane to have its top surface level with 
the top of the fuselage, and three bolts passing through 
the main steel tube of the tail and through short pieces 
of tube welded to the body framework secure it in this 
position. Of the three bolts, one is placed at either side 
of the top of the fuselage on the front of the tail, and one 
at the end of the body framework. The tail plane is set 
at a slight angle of incidence — about 3*4 degrees — 
which is not intended to be adjustable, but which could 
easily be altered by means of a few washers and longer 
bolts. The tail is stayed by two streamline section steel 
struts, which connect the rear tube of the tail plane with 
the bottom of the sternpost, as is shown by the general 
arrangement drawings. These struts are not barbed. 

From the sketch of the tail skid (Fig. 13), it will be 
seen that this member is balanced at a point about one- 
third of its length from its lower end, and that the shock- 
absorbing arrangement consists of two helical steel springs. 

' Undercarriage 

This is a feature of the machine which carries a distinct 
trace of British influence. The angle between the two 
limbs of the Vee is usually, in German aeroplanes, very 
obtuse; i.e., the two top points of attachment are widely 
separated, while British practice leans towards making 
this angle fairly acute. In the Fokker the angle be- 
tween the struts is about 55 degrees. The section of the 
steel struts is streamlike in form, with major and minor 
axes of 65 mms. and 34 mms. respectively. The metal is 
20 gauge. 

The upper attachments of the undercarriage struts are 
of the ball and socket type, with a bolt through, similar 
to the interplane strut illustrated above. The junction 
of the lower extremities and the slot which allows for 
axle travel is clearly explained by Fig. 14. The bracing 
cables, which connect the upper extremities of the front 
struts with the opposite lower ends, are attached in the 
usual manner to lugs welded on to the struts. It is inter- 
esting to note that in the crash which wrecked the ma- 
chine, one of these lugs has torn out a small piece of the 
sheet steel of which the strut is formed, though there 
is no sign of fracture at the weld. 

The least usual characteristic of the landing carriage, 
however, is the provision of a small cambered plane sur- 
rounding the axle, just as is the case in the Fokker tri- 
plane. This auxiliary plane has been badly battered, 
and few details are available, but the sheet aluminium box 
which surrounds the axle remains. This box is rectangu- 
lar in section, and the edges are riveted together on the 
upper side. It forms the main and only spar of the plane, 
the construction of which is very similar to that of the 
main plane. The shock absorbers are of the coil spring 
type, and are wrapped in the manner illustrated in Fig. 
14. The wheels are 760 x 100. 

Engine and Mounting 

The engine is a Mercedes of 180 h.p. A full report on 
this type of engine has already been issued, but the pres- 
ent example possesses one or two minor points of differ- 
ence from the standard. The chief of these is the fact 
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that this engine has domed pistons, giving higher com- 
pression. 

As has already been mentioned, the engine bearers are 
steel tubes, supported on a steel tubular structure welded 
up integrally with the fuselage frame and with the centre 
section struts. The diameter of these two parallel tubes 
is 34 mms. and the gauge 14. Each tube carries four 
" pads " of the type shown in Fig. 15, to which the crank- 
case is bolted. 

^ Radiator 

The radiator, as may be gathered from the scale draw- 
ings and sketches, is of the car type (another departure 
from modern German design), and is supported by steel 
tubes which are part of a fuselage frame. The radiating 
surface is surmounted by a curved fairing, of which the 
port-side half is a brass water tank, into which the filler 
leads, while the starboard side is merely an aluminum 
fairing. The radiator is constructed of brass tubes ar- 
ranged parallel to the engine crankshaft. The tubes are 
circular in section, but expanded into hexagons at either 
end and sweated up there. Each hexagon measures 7 
mms. across the flats. 

The single shutter, as will be seen on reference to Fig. 
16, is normally held open by a spring, but can be closed 
at will by pulling a small cable. This shutter even when 
completely closed only puts out of action a small por- 
tion (roughly about one-third) of the cooling surface. 
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Petrol and Oil Systems 



There is only one fuel and oil tank in the machine. 
It is of sheet brass and is slung from cross tubes clipped 
on to the top longerons, just in front of the ammunition 
magazines, which are placed immediately in front of the 
pilot. 

So far as can be ascertained from such external evi- 
dence as is afforded by fillers, piping, the lines of .rivets 
on the tank, and the gauges and petrol cocks, it .may be 
said that this tank is divided into two petrol tanks and 
one oil tank. The main petrol tank has a capacity for 
61 litres (approximately IS*/* gallons), and is provided 
with a baffle plate. The reserve tank holds 33 litres (ap- 
proximately 7 2 /4 gallons), while the oil tank carries 4^ 
gallons. From the brass disc which is sweated to each 
flank of the tank, it would appear that a tie rod passes 
across the tank from side to side. Both petrol tanks, work 
under pressure, obtained initially by hand-pump, and main- 
tained by the usual mechanical air-pump. The dashboard 
carries, besides the main switches and a starting magneto, 
a two-way cock which allows the pilot to use petrol from 
the main or auxiliary tank, or to shut it off completely. 
A separate pressure gauge for each tank and two two- 
way air pressure cocks are also mounted. 

w ' Throttle Control 

A sketch of the throttle lever, situated on the pilot's 
left, is given (Fig. 18). This lever actuates the car- 
buretor throttle by the means shown. The compression 
tube between the quadrant and the balanced lever is over 
four feet long and about five-eighths inch in diameter. 
Although heavy-looking, this control is, of course, made 



of very light gauge material. The adjustment provided 
at the pilot's end of the control should be noticed. The 
control works in conjunction with a Bowden type lever 
on the control lever, as shown by Fig. 19. The twin 
cables from this auxiliary throttle lever are attached to 
the main throttle control — Fig. 18 shows the attach- 
ments. 

^Controls 

The control lever of the machine works on precisely the 
same system as that of the triplane, but the grip at the 
head of the column is quite different. Reference to Fig. 
19 will show that the usual two-handed grip is replaced 
by a single handle for the right hand. 

The left hand is free to manipulate the auxiliary throt- 
tle control, inter-connected with the main throttle lever. 
It should also be noticed that the usual pushes for firing 
guns are absent, and the interrupter gear is actuated by 
pulling either or both of the levers by the fingers, while 
the thumb rests on the specially arranged place. There 
is no separate arrangement for firing both guns together, 
and it is not possible to lock the elevator controls in any 
given position. 

The longitudinal rocking shaft carries at its front end 
two arms to which the aileron control cables are fixed (see 
Fig. 20). These wires cross; and pass upwards and out- 
wards to aluminium pulleys on ball bearings, which are 
attached in pairs to a hinged sheet steel framework. On 
the way these cables pass through short tubular guides 
fixed to the top longerons. The aileron levers follow con- 
temporary British practice, and project vertically above 
and below the plane. 

The elevator control wires are taken direct from the 
control lever, one pair above and one below the fulcrum. 

The rudder bar (see Fig. 21 ) is of neat and light welded 
construction. There is no adjustment to allow for varia- 
tion in leg-length of different pilots, but it should be no- 
ticed that the pilot's seat is adjustable as regards height. 
The means by which this movement is obtained is exactly 




Control details of the Fokker D-7 
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the same as the arrangement in the triplane, i.e., the seat 
is a sheet aluminium bucket with a three-ply bottom sup- 
ported by a framework of steel tubes which grips the 
fuselage cross struts by four clips, which can be placed 
at any height. This is made clear by Fig. 22. 

^Fabric and Dope 

The fabric is not attached in any way to the longerons, 
but is simply carried over the fuselage and laced along 
the bottom central line. There is a cross-piece of fabric 
laced to the cross tubes immediately behind the cockpit. 

The fabric is coarse flax, coarser and less highly cal- 
endered than the type usually met with, and a good deal 
heavier. 

It is colour-printed in the usual irregular polygons. 
The bright red paint, mentioned below, is removable by 
alcohol, but not soluble in it, coming off as a skin under 
treatment. 

Under the paint is a dope layer — an acetyl cellulose. 
Neither paint nor dope presents unusual features. 

Weights- 
Paint 92.0 gms. per sq. m. 

Dope 68.1 gms, per sq. m. 

Fabric 113.6 gnis. per sq. nt. 

303.7 gms. per sq. m. 

. Strength 1772 k/m. 

" Extension 7.0 per cent 



i Where the wings are not painted, the fabric i: 
with a thin layer of dope only. 



covered 



/ Schedule of Principal Weights 

/ lbs. os. 
Upper wing, complete with ailerons, pulleys, bracing 

wires, fabric and strut fittings 156 

Lower wing (no ailerons fitted), complete with strut 

fittings and fabrics 97 

N strut between wings 6 9 

Straight strut, between fuselage and trailing spar of 

upper wing 2 fl 

Aileron frame, with hinge clips, without fabric 4 8 

Rudder frame, with hinge clips, without fabric 4 11 

Fin frame, without fabric I 14 

Tail planes (complete in one piece), without fabric... 1-2 6 

Elevators (complete In one piece), without fabric 11 2 

Radiator empty 48 

Undercarriage strut, each 2 10 

Undercarriage axle, with shock absorber bobbins 18 2 

Bobbin, each 7 

Shock absorber, each 3 9 

Undercarriage (complete), without wheels and tires, 

and without plane, but including struts 29 4 

Aluminum tube, forming rear spar of undercarriage 

plane 1 8 

Wheel, without tire and tube II 8 

Tire and tube 9 * 

Tail strut 1 IS 

Fabric, per square foot, with dope 1 

Bottom plane compression rib 15 

Bottom plane ordinary rib 11 

Top plane ordinary rib, at centre of plane 1 

Bracket, with bolts, attaching top plane to fuselage 

struts 1 II 

Main spar, top plane, including fillet for ribs, per foot 

run In centre 1 12 

Owing to tapering ends the average weight per foot of 
the spars will be slightly less than this figure. 



The Tarrant " Tabor " Triplane 



The Tarrant "Tabor." equipped with six Napier "Lion" fneines of 500 h.p. each. Span of thr middle plane is 131 ft. 3 In. 
Overall height is 37 ft. 3 In. Overall length, 73 ft. 2 in. Total weight, 15,000 pounds 
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FLAM DRAWINGS OF THE HALBERSTADT FIGHTER 



The Halberstadt Fighter 



This German machin 



i two-seater figliter. 



General Details 
Bristol Technical Department has stated that the Hal- 
berstadt represents, in all probability, the high-water 
mark of two-seater Germu.i aeroplane construction, as it 
is not only well and strongly constructed, but its general 
behaviour in the air is good according to modern fighting 
standards. 
Span of upper plani 
Span of lower plant 
Chord of upper pint 
Chord of lower plar 
Gap, i 
Gup, i 



35 ft. 3y 


in 


34 ft. 11 


in. 


5 ft. 3% 


in. 


4 ft. 31/j 


in. 


4 ft. 




3 ft 8'/, 


in. 



Dihedral anjrle of lower plane 9° 

Horizontal dihedral of main plane-- i" 

Total urea nf main planes . . 310 sq. ft 

Area of eaeh aileron 11,0 sq. ft 

Area of lileron balance .* i. sq. ft. ' 

Load per square foot . H.J lbs. 

Area of tail plane- 13.8 sq. ft. 

Area of elevator . l/.t sq. ft. 

Area of fin 6.4 sq. ft. 

Area of rudder . 7.9 sq. ft. 

Area of rudder halanee . . . 1,0 sq. ft. 

Maximum rros* section of body M.H sq. ft. 

Horizontal area of body . 44.0 sq. ft. 

Vertical area of body MM sq. ft 

l^nirth over all 24 ft 

Engine ISO h.p. Mercedes 

Weight |>rr h.p. (1«0) I4.0J lbs. 
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Capacity of petrol tanks 34 gallons 

Capacity of oil tanks 4 gallons 

Crew Two 

Guns 1 fixed and 1 movable 

Military load on test 545 lbs. 

Total load on test 2,532 lbs. 

Performance 

Speed at 10,000 ft., 97 m.p.h., 1385 r.p.m. 

Rate of Climb Indicated 

Min. Sec. in ft. /min. Air Speed 

Climb to 5,000 ft 9 25 440 69 

Climb to 10,000 ft. ... 24 30 240 64 

Climb to 14,000 ft. ... 51 55 80 58 

Service ceiling (height at which climb is 100 feet per 
minute), 13,500 ft. 

Estimated absolute ceiling, 16,000 ft. 

Greatest height reached, 14,800 ft. in 64 minutes 40 
seconds. 

Stability and Controllability 

Rate of climb at this height, 50 feet per minute. 

This machine cannot be considered stable. There is 
a tendency to stall with the engine on, and to dive with 
the engine off. Directionally, owing to the propeller 
swirl, the machine swings to the left, but with the engine 
off is neutral. 

Pilots report the machine light and comfortable to fly. 
The manoeuvrability is good, and this feature, taken in 
conjunction with the exceptionally fine view of the pilot 
and observer and the field of fire of the latter, makes the 
machine one to be reckoned with as a " two-seater fighter," 
although the climb and speed performances are poor 
judged by contemporary British standards. 

Principal Points of the Design 

Single bay arrangements of wings. 
Conspicuous set back of the main planes. 
Empennage free from wires. 

Fuselage tapers to a horizontal line at the rear in di- 
rect contradistinction to the usual German practice. 
Pilot's and observer's cock-pits constructed as one. 



Schedule of Principal Weights 

Total weight 2,532 lbs. 

lbs. ozs. 
Upper wing, complete with aileron, aileron rod, drag 

bracing, and strut attachments, but without lift 

bracing wires and fabric 62 6 

I^ower wing, as above (no aileron fitted) 52 8 

Aileron complete, without fabric 7 13 

Aileron bar, with flange 4 

Interplane strut, front, without bolts 3 3 

Interplant strut, rear, without bolts 3 14 

Centre section, complete, with radiator and gravity 

tank, aileron control crank, and bracing wires 101 

Fixed tail plane (each), with fabric 7 8 

Rudder, complete with fabric 7 8 

Elevator, complete, with hinge clips and fabric 12 

Fin, complete, with fabric 9 6 

V centre section strut 2 7 

Straight centre section strut 3 2y z 

Undercarriage, complete with struts and bracing, 

wheels, tyres, and shock absorbers 102 

Shock absorber (multiple coil spring type), each 4 6 

Axle, with shock absorber bobbins and caps 14 8 

Wheel, with tyre 20 4 

Tyre and tube 8 12 

Wings, leading spar, per foot run .» 1 4 

Wings, trailing spar, per foot run 14% 

» 

Historical Note 

The present Halberstadt fighter is a development of the 
earlier single-seater, an example of which was brought 
down on October 29, 1917. In the latter case ash was 
used to a fairly large extent, both in the fuselage and 
wings, but in the more modern design spruce is exclu- 
sively adopted. The rear spar was of the ordinary I Sec- 
tion type without three-ply reinforcement. The fuselage, 
of somewhat similar shape, was fabric covered. Balanced 
elevators and rudder were fitted, but no fixed tail-plane 
or fin. The arrangement of the centre section, with tank 
and radiator, was substantially the same. Double bags 
of interplane struts were adopted, but the struts them- 
selves were of the welded-up tapered pattern. The ailer- 
ons were controlled by wires and not, as in the present 
example, positively. Both planes had the same chord and 
the upper wings had an overhang. The weight of the 
complete machine without pilot was 1778 lbs. 
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The German Hanta-Brandenburg Tractor 

The struts staggered outward at their lower ends is a bottom and the forward end slopes down from the top. 

feature peculiar to this machine. Many of the Albatros A recess 170 mm. deep, 700 mm. long and 470 mm. wide 

features are seen in this machine, together with a num- is provided for the seat. Seat 350 mm. long and 440 mm. 

ber of original and unique fittings. The accompanying wide, resting on a pair of iron bands 75 mm. thick and 34 

drawings show a side and front view and a plan view mm. wide, which encircle the tank. A filling tube runs 

from below. up at the rear of the tank, near the side, with a 54 mm. 

General Dimensions opening. 

Span, upper plane 12,240 mm. A fixed machine-gun is provided for the pilot, located 

Span, lower plane 11,720 mm. on the upper plane. The gunner's cockpit, at the rear, 

Chord, both planes 1,713 mm. \ s provided with a movable machine gun clamped to a rail 

Area, upper plane 2 ,JTO sq. meters. arQund ft cock ft { 

Area, lower plane 1,790 sq. meters. r r ° 

Gap between planes 1,713 mm. Tail Group 

Overall height 3,142 mm. r 

Overall length 8,370 mm. The horizontal stabilizer is in one piece, resting on the 

Motor, Warskalowski 200 h.p. upper longeron8# The f orwar d en d ^ ro unded off at a 

p. 400 mm. radius. Overall dimensions, 2290 by 2940 mm. 

Surface at each side of body, 192 square meters. The 

Planes are in four sections — two upper and two lower, edges are of steel tube 20 mm. in diameter and the in- 
Upper plane sections joined at the top of a cabane formed ternal structure is of 10 mm. diameter tube. It is sup- 
of steel tube SO by 40 mm., with lower ends terminating ported from below by a pair of steel tubes of 25 by 13.5 
in fittings attached to the upper longerons of the fuselage. mm . section. Threaded eyes in the lower ends allow of 

Each upper plane section has an area of 1135 sq. meters. their adjustment. Lower ends attach to lower longerons 

Each lower plane section has an area of 895 sq. meters. a t a point 1860 mm. from the fuselage termination. 

AileroYis are attached to subsidiary steel tube spars to Slots, 600 mm. apart, are provided where the flap con- 

the rear of the main wing beams. Attachment is made trol cables run through the stabilizer, 

with a fitting of sheet metal and soft wood blocks, with From tip to tip the elevator flaps measures 3500 mm. 

fiber to take up the wear. Each aileron has five such Maximum width, 670 mm. Each flap has an area of 83 

hinges. Ailerons each 2850 mm. long. square meters. Edges are formed of 15 mm. tube, and 

Wing beams are cut in two vertically, hollowed for light- outer tips curved to a 120 mm. radius, 

ness and mortised together with hardwood strips. For- Flap hinges are of sheet metal, soldered to the 25 mm. 

ward spar varies from 70 to 72 mm. in height and the tube of the flap and stabilizer. Fiber blocks between the 

rear spar the opposite; both are 35 mm. thick. tubes space them 10 mm. apart, and take the friction of 

Entering edge is curved to a diameter of 40 mm. Front the flap movement, 

spar centered 100 mm. from leading edge. Wing spars The vertical fin is triangular, 700 mm. high and 1300 

800 mm. apart. mm . wide. The rudder is 1650 in overall height. Width 

Battens are 2.5 thick and IS mm. wide. Webs 45 mm. a t rear of pivot, 670 and width forward of pivot (the 

thick, cut away for lightness to within 15 mm. of the balanced portion) 340 mm. Forward edges curved to a 

battens. Light veneer strips, 12 mm. wide, reinforce the so mm. radius, and trailing end to a 110 mm. radius, 

webs between lightening holes. Two hinges attach the rudder to the fin. The control 

The interplane struts are of 32 mm. diameter steel tube lever is of solid steel, and it spaces the control wires 117 

with their ends terminating in eyes for attachment to the mm. apart. 

strut sockets. Hollow wood fairing strips are bound to Landing Gear 

the rear of the strut tubing, giving it a streamline form, The axle is of steel tube,* 54 mm. outside diameter, 46 

and bringing its width to 126 mm. Each end is attached mm i ns jd e , located at a point 1680 mm. from the front 

by an 8 mm. bolt. Lift, landing and incidence cables f p rop eller hub. Landing wheels are 770 mm. in diam- 

vary from 5 to 7 mm. in diameter. eter by 100 mm. wide, and centered 2070 mm. apart. 

Two sections of streamline fairing are bound to the axle, 

* and a claw brake between them. 

Overall width of fuselage, 1020 mm. From the for- The brake is 730 mm. long; 230 mm. forward of the 

ward engine plate to the rudder, the fuselage is 7180 mm. axle and 500 mm. to the rear. The claw is 145 mm. in 

long. A formed cap fits over the forward engine plate, length, and the brake is operated by a cord from the 

and the propeller shaft goes through it. Four sheet metal pilot's seat. 

engine plates carry the two 50 by 100 mm. engine bed The chassis struts are of 70 by 35 mm. tube. The for- 

rails. The longerons are solid, 30 by 45 mm. at the ward pair is faired with streamlining to a total depth of 

front, the lower pair tapering to 19 mm. square and the 120 mm. A peg is located half way up both of these 

upper pair 1 7 mm. square. struts as a means of mounting to reach the motor. At the 

The pilot's seat is set in a recess formed at the top of lower end of chassis struts, the shock absorbing elastic 

the main fuel tank. Overall dimensions of the tank — cords are bound. Grooves keep them in place and a 

top 500 by 820 mm. ; bottom 700 by 820 mm. ; height 650 leather strap, strung from forward to rear struts, limits 

mm. The back forms a right angle with the top and the upward movement of the axle. 




Details of the Hansa-Brandenburg Tractor 
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Details of the Austrian Hansa-Brandenburg Tractor 
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One of the elevator control 




Rear attachment of the tall plane to the fuselage 
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The two forward engine plates 
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Strut fitting at the 
front spar, upper left 
wing 




Front, side and top views of the main fuel tank, upon 
which the pilot's seat is placed 




Lower end of the brace from the 
tail plane to the fuselage 
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The Wittemann- Lewis Commercial Biplane 



The Wittemann-Lewis Aircraft Company Model " F. A. 
2 " is the result of careful planning for a commercial 
airplane by the Messrs. Wittemann, and built to the design 
of A. F. Arcier, A. F. R. Ae. S., formerly chief engineer 
of Handley-Page, Ltd., and now chief engineer of this 
Company. 

The principal features of the machine are the unusually 
low landing speed, the large capacity and sumptuousness 
of the body, and the comparatively small space in which 
it may be housed by folding the wings. 

Wings: — The upper wings are composed of three sec- 
tions, the lower ones of four. The outer sections hinge 
back by simply removing four pins, when in the folded 
position they clamp back against the fuselage. The spars 
are I section spruce and the ribs special kuilt up. The 
interplane struts are spruce. The main spar clips are so 
designed that they set up no additional bending mo- 
ments. 

Body: — The L. C. Liberty motor is silenced and is 
mounted on ash beams supported by tubular construc- 
tion. The whole power unit comprising: — Propeller, 
Radiator, Motor and Tanks, is removable in one unit by 
undoing six bolts and disconnecting the control and instru- 
ment leads. Risk of fire is reduced to minimum bv fire- 
proof bulkheads and by suitable placing of carburetors in 
fireproof compartments. 

Reliability of the motor is assured by reducing its maxi- 
mum output and by gravity fuel feed. 

The cabin is approximately 5'6"x4'x9', giving 170 
cu. ft. of unobstructed space, and has seating capacity for 



four passengers — comfortable swivel arm chairs and a 
folding table are provided. The exhaust heating and the 
ventilation can be adjusted by the occupants. The en- 
trance to the cabin is large and within stepping height of 
the ground, making the machine as easy to enter as the 
average automobile. 

Pilot has unobstructed view and is seated aft of the main 
loads. 

Landing Gear: — The landing gear has an exceptionally 
wide track, making overturning impossible, long travel 
shock absorbers are fitted and a dashpot provided to pre- 
vent rebound. These precautions together with the low 
landing speed make the machine very safe and easy to land. 

The tail skid is steerable on the ground to facilitate 
ground manoeuvring. 

Controls : — A " Dep " arch is provided, and the rudder 
is operated by foot pedals. The tail is adjustable in flight 
for varying loads. 

The disposition and size of the controlling surfaces are 
such as to assure a large degree of inherent stability. 

Area: — Top plane, 333 sq. ft.; lower plane, 306 sq. ft.; 
ailerons, 92 sq. ft.; tail plane, 70 sq. ft.; tail flaps, 20 sq. 
ft.; rudder, 19.M sq. ft.; fin, 8 sq. ft.; chord both planes, 
6 ft. 9 in. ; gap, 6 ft. in. ; span, wings extended, 52 ft. 
in.; wings folded, 22 ft. 6 in. ; o. a. length, 35 ft. 1 in.; 
o. a. height, wings extended, 11 ft. in.; o. a. height, 
wings folded, 9 ft. 9 in.; weight full, 4,040 lbs.; useful 
load, 1,650 lbs; loading 6.33 lbs. per sq. ft.; duration 
(cruising), 4% hours; landing speed, 35 m.p.h. ; top speed, 
105 m.p.h.; ceiling, 15,000 ft.; climb, 10,000 ft. in 30 min. 




The Roland Single-seater Chaser D.II. Plan, side and front elevations to scale. 
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The Roland Chaser D. II. 

The dimensions of the Roland D. II are very small: apart, the front spar being 0.1S m. from the leading edge. 

Span of upper plnne 8.90 m. The ribs, of which there are 12, are of I section with 

Span of lower plane 8.50 m. fia f h _ Th are ^ about Q 3? m a rt 

l-cnirlh overall 6.95 m. ¥  .... „ ' . f,, ,, ., 

Height 295 m In the middle of each interval there is a false rib running 

from the leading edge to the rear spar. In each wing 

Its weight — 827 kllogs.— with full tanks is slightly there flre fmr compresaion mem ber S in the form of steel 

greater than that of the Albatros D.III chaser. The lift- t(]bes g5 ^ djameter . These tubes arc evenh . spaced , 

ing surface being 23 sq. m., the wing loading is S6 kg./sq. ^ dislaf]ce between ^ m bdng , SQ ^ and ^ braced 

m. (7.2 lbs./sq. ft). by g mm pjano wjre g etween tne front spar and the 

Fuselage leading edge there are two tapes running parallel to the 

The construction of the fuselage, and its peculiar shape, 9 P ars and crossing alternately over and under consecutive 
merit special attention. Being built entirely of three-ply ribs - Two more **P» are ■tad"'j arranged between the 
wood and covered with fabric, it is of the monocoque type, a P ars - Certain corners are stiffened by reinforcement by 
of oval section, and terminates at the stern in a vertical P 1 ? wood - Each of the u PP el " P Iflnes catries an flileron ' 
knife edge. The construction is excessively light, the wh ' en is not balanced and of equal chord throughout. A 
framework consisting of very thin longerons running atr 'P of three-ply wood, under the fabric, covers and pro- 
through the whole length of the body, the curves of which tects the llin 8 e fixed on tne K * T B P ar - T,,c aileron meaa - 
they follow. Rigidity is onlv provided by the ply wood, ures 182 m - in len & h and has a chord of °-* 9 m - lts 
made in two halves joined along the middle of "the top leading edge is a steel tube of 30 mm. diameter. The 
and bottom. The total thickness of the sin layers is only aileron cranks are operated, as in the Nieuport, by two 
1.5 mm. From the pilot's seat to the tail there are only vertical tubes. In the left top plane is mounted a petrol 
four formers of very small thickness. service tank. 

Between the pilot's seat and the motor the fuselage Ttle l° wer pi""" are constructed in much the same 

forms a projection tapering upwards to form at its upper manner as the top ones. The spars are similarly arranged 

extremity an edge 0.1] m. wide, to which are attached and are consequently the same distance apart. In each 

the radiator and the top plane. The top plane is cut win S there arc 10 riba . of whieh nine measure o.Ol m. 

away to accommodate the radiator. This arrangement and the laat onc ° 025 m - Between the ribs are false ribs 

of an upward projection of the body itself takes the place measuring 10 mm. The internal wing bracing is the 

of the cabane. On the lower part of fuselage, and built aame as that of the top plane, but the distribution of the 

integrally with it, there are the rotts to which the two iour stepl tuoe compression struts (of which one is 20 

halves of the lower plane are attached. At the rear the mm - and the other 25 mm.) is somewhat different. From 

tail skid, of wood wi[h a shoe of metal, pierees the fuse- tl,e first to tl,e second is 1.17 m., from the second to the 

lage, and is supported on a projection of ply wood similar third is J. 13 m., and from the third to the fourth 1.11 m. 

to that employed on the Nieuport. Tlle l° wer planes are attached to wind roots built irr- 

The pilot is placed very high, and has in front of him tcgrally with the fuselage. The angle of incidence is +° 

two wind screens, one on each side of the central struc- at the second rib and 3° at the seventh. The interplane 

turc carrying the upper plane. struts are in the form of steel tubes 0.025 m. diameter, 

stream-lined with a wood fairing which brings their depth 

Planes ' to 0.09 ro. 

The planes are of trapezoidal plan form, of unequal 
span, without stagger and dihedral angle, but with a sweep- 

back of 1.5°. The chord, which is uniform, is 1.43 m. The shape of the tail can be seen from the plan view 

and the gap 1.31 m. The ribs are at right angles to the of the machine. The fixed tail plane is built of wood, 

leading edge. As the inter-plane struts are secured to while the two elevator flaps are constructed entirely in 

the spars over the same rib, it follows that in the front metal. 

view the struts do not come quite in line. The spars of A note should be made of the attachment of the tail 

the upper plane, which are of spruce, are spaced 0.83 m. plane to the body. The leading edge of the tail plane is 
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Ibe Koliind D.I I. chaser. (1) Diagrtu 



of "bump" supporting top plane iiihI radiator. (J) Quick- re lease bolt for attaching main 
, (3) Upper plane. (4) One of the main plane ribs 



hollowed out, and into the hollow space thus formed fits 
a piece of wood which runs across the fuselage and the 
ends of which project 0.50 m. on each side. Further 
rigidity is given to the structure by two stream-lint- tubes 
running from the tail plane to the rudder hinge on the 
vertical fin. The rudder, which is roughly rectangular 
with rounded corners and has a forward projection for 
balancing, is built up of steel tubes, while the fin, which 
is made integral with the body is of three-ply wood. 



The engine fitted on the Roland D. [I is a 160 h.p. 
Mercedes six-cylinder vertical engine. The exhaust col- 



lector is nearly horizontal, and is placed on the starboard 
side. In addition to the gravity tank in the top plane 
there is a main gasoline tank measuring 70 x 70 x 25 un- 
der the rudder bar. The airscrew has its boss enclosed 
in the usual " spinner." 

Undercarriage 
The undercarriage is formed by two pairs of Vee struts, 
braced diagonally by two crossed cables. Their attach- 
ment to the fuselage occurs at two sloping formers. The 
axle, which is placed between two cross tubes, is enclosed 
in a stream-line casing. The track is 1.75 m. The wheels 
measure 760 by 100. The shock absorbers are of rubber. 



Side view of the fuselage of the Roland 
D.II. Chaser. The small size of this 
machine is apparent from the picture. 
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Front view of the L.V.G. biplane: type C.V. 

The L. V. G, Biplane Type C V. 



Comparative specific at ions of the L. V. G. biplanes 
C.H., CIV., C.V., and Rumpler CIV.: 



C.II. 

Span (upper wing) 19.85m. 

Span(iower wing) 11.35m. 

Total length 6.10m. 

Height 3m. 

Lifting surface .. 37.60sqm. 

Weight 845kg. 

Power of motor . . ITSh.p. 



13m. 
B.COm. 
3.10m. 

40fiqm. 
900kg. 

ssih.p. 



C.V. CIV. 

13.69m. 19.60m. 

H.R5m. 12.10m. 



8.10m. 
3.90m. 
4?.70sqm. 

930kg. 

225h.p. 



Make of motor . . . Mercedes Mercedes Bern 



fi.4m. 

3.95m. 

33.50 sqm, 

1,010kg. 

260h.p. 

250h.p. 

Mercedes 

■r May bach 



Note.— 1 metre = 3257 inches. 

1 sq. metre = 10.75 sq. feet. 
1 kilogramme = 2.2 lbs. 

The L.V.G. type C.V. is a two seater. It belongs to 
the " general purpose " class. 

Less speedy on the flat than the Rumpler CIV., its 
rate of climb is inferior (4000 metres in 35 minutes), and 
equally its ceiling is less elevated (a little more than 
5000 metres). 

Its speeds are as follows: 

At 2,000 metres 164 km. per hr. 

At 3,000 metres 160 km. per hr. 

At 4,000 metres 150 km. per hr. 

The Wings 

The upper and lower wings are set at a dihedral angle, 
more so the lower ones. 

This dihedral is of 1° to the upper wings and of 2° 
to the lower. They are neither staggered nor swept back. 



The trailing edges of the wings are flexible. The ribs 
are spaced about .4 m. apart, with false intermediary ribs. 
The incidence of the wings is as follows: 

At 1st and 2nd ribs 4-5" 

At 3rd to 9th ribs 5° 

At 10th rib 4.75° 

At 11th rib 4.3° 

At 12th rib 4° 

At 13th rib 3° 

The upper wings, viewed in plan, are slightly trape- 
zoidal, with rounded edges. 

Their chord is 1.7* m., and in the centre a semi-circular 
piece is cut out of the trailing edge above the pilot's head. 

The ailerons project past the ends of the wings by .64 
m. Their form is rounded, and resembles that of the 
ailerons of the Gotha. Their total length is 2.61 m. 
Their chord varies from .53 m. inside to .75 m. at the 
projecting portion. 

The hinges of the ailerons are parallel with the lead- 
ing edge of the wing. They are attached by means of 
pins or bolts threaded through hinge loops, held in place 
by keys, on the system employed to attach the ailerons 
on the Roland fighter D.II. The arrangement has the 
advantage of permitting the quick attachment of the mem- 
bers. 

The lower wings, following the present tendency of 
German aeroplanes are rounded at the ends and taper at 
the rear, as in the D.F.W., Rumpler CIV., and Albatros 
CIV. Their maximum chord is 1.59 m. 

The aileron cables pass through the interior of the 
lower wings. 

The interplane struts (two pairs on either side of the 
fuselage) are constructed of streamline timber 105 m. in 



Rear view of the L.V.G. hiplnr 
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A view of the tail members 
diameter, and tapered towards both ends. By reason of 
the differing dihedral of angles the inside and outside 
struts are not the same length. 

The outer struts are 1.635 m. long and the inner ones 
1.59 m. 

The gap between the wings is 1.74 m. at the fuselage 
and 1.66 m. in line with the external struts. 

The total lifting surface is 42.9 sq. m., that of the up- 
per plane being 23.73 sq. m., and the lower 19.17 sq. m. 

The cabane struts are in the form of an " N," inclined 
towards the rear, and converging to the fixed centre sec- 
tion of the upper plane, the width of which is .IS m. 

The Tail 

The shape of the stabilizing plane, or fixed tail plane, 
resembles that of the Albatros fighter. 

The tail plane consists of two separate parts attached 
one on each side to a fixed section embodied in the fuse- 
lage, which like it is constructed of three-ply. 

The elevator is a single flap, with rounded corners and 
balanced by a triangular extension at each end. The 
greatest width is 3.04 m. and the depth .65 m. The small 
triangles have a base of .39 m. and are .39 m. high. 

At the outer angle of each of the tail planes one finds 
a projection of about .020 m., intended to eliminate vi- 
bration from the tips of the balanced ends of the eleva- 
tors by screening them from the air blast. 

The balanced rudder is placed above the elevator, and 
forms with the fixed fin an oval inclined backwards. 

The fixed fin is constructed of -three-ply, and is trape- 
zoidal in shape. The total height of the vertical empen- 
nage is 1.068 m.; its depth is .675 m. (1.15 m. including 
the compensated portion). 

The internal structure of these members consists of steel 
tube- work. 

The control cables pass through the fuselage, coming 
outside 1.50 m. from its extremity; one pair of the ele- 
vator cables pass through a channel in the thickness of 
the stabilizing plane. 

The fuselage is entirely built of varnished three-ply, 
and is rectangular in form, with a well-rounded top, the 
underside being slightly less rounded. The sides have 
a slight outward bulge, accentuated at the level of the 
pilot's seat. 

The Power Plant 
The L.V.G., C.V., is driven by a Garuda 



A view of the exhaust manifold 
V., with a diameter of 3.04 m. The boss of the airscrew 
is enclosed in a " Casserole," or pot, .58 m. diameter. 

The motor is a 225 h.p. Benz, also used in the D.F.W, 
and F.D.H.G. II. 

It is fed by two tanks, with a capacity of 249 litres. 
On the upper left wing is fitted a feed tank. The con- 
tents of these tanks permit of a (tight of about 3*4 hours. 

The upper portion of the motor is entirely covered in 
with a panelled and removable sheet steel bonnet. 

The exhaust is led overhead as in the Rumpler C. IV. 
Contrary to that machine it is not much curved, but rises 
nearly vertically. 

The honeycomb radiator, the capacity of which is 35 
litres, is placed in front of the wings. It is rectangular 
in shape, and is attached to the cabane struts by two 
brackets. Its upper part is attached to the fixed centre 
section of the upper plane by a small steel tube fork. 

The temperature regulating blind placed in front of 
the radiator is one of the best in use. It is simpler and 
more rational than the system of shutters. It consists 
of a movable blind of strong fabric, which is rolled and 
unrolled at the will of the pilot, which permits the stop- 
page of the passage of air and the regulation of the cool- 
ing. 

Accommodation 
The accommodation for the pilot is of oval form, the 
bigger dimension being in the direction of travel. 

Very close to this is arranged the passenger's seat in- 
side a turntable .86 m. in diameter, which carries a " Para- 
bellum " machine-gun. 

In front and on the right side is a Spandau machine- 
gun firing through the airscrew, and controlled by a Bow- 
Wireless apparatus is installed. 

The landing carriage. consists of two pairs of streamline 
" V " struts built of timber, and a pair of wheels 810 



The axle is placed i 



mm. x 125 mm. 

The wheel track is 1.98 
streamline wooden fairing. 

As in the Rumpler CIV., a drag cable runs from the 
front of the fuselage to the base of the inner interplane 

The tail skid, which is attached to a small fin under- 
neath the fuselage, is constructed of wood, and is termi- 
nated by four steel laminations .002 m. thick.. 

The skid is sprung with elastic cord. 



The Ace-Motored Single Seater Ace Biplane 



The small light, economical single-seater ACE Biplane 
has been designed to answer certain requisites as follows: 

Its wing spread of only 28 ft. 4 in., overall length of 
IS ft., and 7 ft. height insure a very small and economical 
hangar for housing and workshop facilities. It is strictly 
a one-man machine, not only in flying but in being handled 
on the ground as well, as one man can pick up the tail and 
easily pull the machine into the hangar alone without aid 
of mechanic or extra help, because of its lightness. 

The performance of the ACE embodies the best assets 
of commercial aviation, such as a quick take-oft", fast 
elimb( wide range of flying speed, slow flat glide with a 
twenty-five mile per hour landing speed and a very short 
roll which averages about sixty feet after the wheels touch 
the ground. 

To the above qualities are added the items of moderate 
cost and upkeep. The selling price being $3,500 places 
the machine well within the reach of any pilot and the 
maintenance is one-third that of the average aeroplane. 
Gasoline consumption is under five gallons per hour and 
with a twelve gallon tank one has a cruising radius of two 
and one-half hours. 

High grade construction is the first requisite which 
proves itself in giving a factor of safety of over 8. An- 
other feature is the short space of tunc in which the 
machine can be assembled, due to the self-aligning fixed 
strut construction which eliminates the necessity and ex- 
pense of an expert aeroplane mechanic. 

The machine has been designed with the idea of it being 
used not alone as a single-seater sport plane but for com- 
mercial purposes as well; such as carrying mail, light ex- 
press, advertising, exhibition work, and to be used by 



aerial police forces, etc. 

In recent test flights one hundred and eighty pounds 
of sand was carried in the spare space of the machine, in 
addition to a full load of fuel and the pilot. No notice- 
able depreciation in climbing was observed. This speaks 
well for the efficient design and proves that the machine 
can carry extra weight. 

The machine was tested out at the ACE Flying Field. 
Central Hark, L. I., by the Company's test pilot, Bruce 
Eytinge, formerly a First Lieutenant Instructor and Test 
Pilot in the Royal Air Force for 18 months. On the first 
altitude test a height of 6000 feet was reached in 90 min- 
utes ond later 8000 feet was reached in 28 minutes. Per- 
fect stability and height climb were observed at this alti- 
tude. On flying level the throttle was retarded 50 per 
cent, and the machine proceeded in straight horizontal 
flight flying level on half the motor's r.p.m.'s. When the 
throttle was entirely retarded idling the motor the ma- 
chine nosed down into a slow flat glide. 

Other tests of the machine's speed show that with full 
throttle it is capable of 65 m.p.h. In testing the gliding 
quality the pilot began a glide from an altitude of SOCHI 
feet over Mineola at a distance of about 8 miles from 
the (lying field and continued in the glide past his field to 
Amityville, a distance of about a 14 mile glide and then 
turned back to glide into the airdome. In this maneuver 
a time of I, 1 ) minutes elapsed before the ground was 
reached and a binding was made about 20 feet from the 
hangar with a dead motor. The above test shows that in 
case of a forced landing from an altitude of about 3000 
to 1000 feet the pilot will have ample time to select a 
landing field within a radius of 10 miles. 
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The Ace In flight and after clim lung to BWO feet in iB minutes 



Safety Factor 
Selected Western spruce is used for all principal parts 
of wings, struts and fuselage, etc. Tin: complete wing 
structure under a sand load test have supported in excess 
of ten times tlie weight carried in lying. Flying tests 
have shown a high factor of safety under difficult condi- 
tions of zooming, tail slide and whip stall, loops, spinning 
nose dive, immerman turns and falling leaf, etc. The 
machine is so designed that it has great inherent stability 
and if the controls are released when stunting the machine 
will right itself from any position. 

Assembling Facility 
One does not have to he an expert aeroplane mechanic 
to unerate and assemble the ACE Biplane. This item is 
expediated by the employment of only two flying wires, 
two landing wires, two drift and two anti-drift wires, and 
two drift struts. The fixed stagger and angle of inci- 
dence are obtained through the employment of special 
single self-aligning struts. The lower planes have a 3 
degree dihedral angle while the upper planes are neutral. 

General Specifications 

Span, upper plane 38 ft. 4 in. 

Length, overall 18 ft. 

Height, overall 7 ft. 6 in. 

Wheel tread 60 in. 

Wheel diameter 26 In. 

SUe of tire 36 in. x 3 In. 

Controls 
Lateral and longitudinal balances are operated by stick 
control. The rudder is operated by a foot bar. All con- 
trolling surfaces are large and balanced affording ease of 
control and the response is so immediate as to require but 
a slight movement of the control stick or rudder bar. All 
control wires are assembled in duplicate sets. 

Fuselage 
The fuselage is of good streamline form. It is of War- 
ren-truss construction. The cockpit is of 3 ply veneer. 
The fuselage is braced with piona wire from the pilot's 
cockpit forward, and with T section struts diagonally stag- 
gered from the cockpit rearward, eliminating all wires and 
fittings. The motor and members benring heavy stresses 



are attached to a substantial pressed steel nose plate. 
The motor is bolted directly to the plate, and by eliminat- 
ing engine beds every part of the motor is immediately 
accessible. This is the most rigid motor mounting ever 
furnished in any aeroplane and the absence of vibration 
is a noticeable feature. The nose is covered with alumi- 
num, the hood being arranged in quick detachable sections 
giving easy access to the motor. The remainder is cov- 
ered with linen, doped, colored and varnished. The body 
tapers to the rear on which the double cambered rudder is 
hinged. On the instrument board in the cockpit to the 
pilot's left is the ignition switch and choke wire, to his 
right is the gasoline throttle and in the center an oil pres- 
sure gauge, radiator thermometer, a revolution counter 
and an altimeter to indicate height. 

Landing Gear 
The chassis is of the ordinary V type, each V con- 
structed from one piece one inch tubing. Elastic chord 
shock absorber binds the axle to the struts. An under- 
carried skid of hickory fastened to the center of the axle 
and braced with two streamlined tubular struts prevents 
the nosing over and eliminates the ever present danger of 
damage from overturning. In landing the tail of the skid 
acts as a brake, bringing the machine to rest after a 
very short roll of about 60 feet. This feature makes the 
machine the safest and most suitable for small fields. 

Tail Group 
The tail plane is a fixed stabilizer of single cambered 
surface to which is hinged the balanced elevator flaps. 
The vertical fin is a fixed stabilizer of double camber to 
which is hinged the balanced rudder. The large bal- 
anced controlling surfaces and the undercarriage skid 
make this machine the easiest and safest to taxi, as one 
can easily taxi in a straight line or make a turn in a very 
small space. 

Motor Group 
An ACE four cylinder sixteen valve head. 40 h.p., 
water-cooled motor is used. The motor has been so care- 
fully balanced as to entirely eliminate vibration. Its 
weight is 126 lbs- The cooling system is Thermo-sypbon 
with ample water capacity. A five foot propeller is 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 



A skeleton view of the "Ace," showing construction 



driven direct from the crank shaft at 2000 r.p.m. A starting. Lubrication is full force feed by a spur gear 

spinner is used on the propeller over the hub and is so pump. Gasoline system is gravity feed from a 12-gaIlon 

attached in front of the motor so as to form with the rest tank in front of the pilot and separated from the motor 

of the body a perfect streamline with low head resistance by a fire wall. Zenith carburetor is used which affords 

and giving a very neat appearance. The Atwater-Kent economic and efficient carburation. 
battery ignition system is used which affords ease in 



The Loening Two-Seal- 
er Monoplane, equipped 
with a 300 h.p. Hispano- 
Suiza engine. 



The Bristol Monoplane, equipped with a Lv Rhone engine. This machine has a wing span of 30 ft. 9 in.; length a 
* in.; chord S ft. 11 in.; wing area 145 ft. 
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The Hannoveraner Biplane 



Generally speaking, the construction is of wood through- 
out, steel being used sparingly, except in the. interplane 
struts, landing chassis struts, centre section and some de- 
tails of the tail. 

The construction throughout is sound, and the finish 
quite good. 

The performance of the machine is good. 

The leading particulars of the plane are as follows: 

Weight, Empty, 1,732 lbs. 

Total Weight, 2,572 lbs. 

Area of Upper Wings, 217.6 sq. ft. 

Area of Lower Wings, 142.4 sq. ft. 

Total Area of Wings, 360.0 sq. ft. 

Loading per sq. ft. of Wing Surface, 7.29 lbs. 

Area of Aileron, each, 16.4 sq. ft. 

Area of Balance of Aileron, 1.6 sq. ft. 

Area of Top Plane or Tail, 10.0 sq. ft. 

Area of Bottom Plane of Tail, 19.2 sq. ft. 

Total Area of Tail Plane, 29.2 sq. ft. 

Area of Fin, 6.5 sq. ft. approx. 

Area of Rudder, 6.4 sq. ft. 

Area of Elevators, 22.0 sq. ft. 

Horizontal Area of Body, 53.2 sq. ft 

Vertical Area of Body, 91.6 sq. ft. 

Total Weight per h.p., 14.3 lbs. per h.p. 

Crew, Pilot and Observer. 

Armament, 1 Spandau firing through propeller. 1 Parabellum 

on ring mounting. 
Engine, Opel Argus, 180 h.p. 
Petrol Capacity, 37 y 4 gallons. 
Oil Capacity, 3 gallons. 

Performance 
(a) Climb to 5,000 feet, 7 mins. 

Rate of climb in ft. per min., 590. 



Indicated air speed, 68. 
Revolutions of Engine, 1,495. 

(b) Climb to 10,000 ft., 18 mins. 
Rate of climb in ft. per min., 340. 
Indicated air speed, 65. 
Revolutions of Engine, 1;475. 

(c) Climb to 13,000 ft., 29 mins., 45 sees. 
Rate of climb in ft. per min., 190. 
Indicated air speed, 62. 
Revolutions of Engine, 1,445. 

Speed 

At 10,000 ft. 96 miles an hour; Revolutions, 1,565. 
At 13,000 89 y 2 miles an hour; Revolutions, 1,520. 
Service ceiling at which rate of climb is 100 ft. per min., 15,000. 
Estimated absolute ceiling, 16,500. 
Greatest height reached, 14,400 in 39 mins. 10 sees. 
Rate of climb at this height, 120 ft. per min. 
Air endurance, about 2% hours at full speed at 10,000 ft., in- 
cluding climb to this height. 
Military load, 545 lbs. 

The machine is nose-heavy with the engine off, and 
slightly tail-heavy with the engine on. It tends to turn 
to the left with the engine on. 

The machine is generally light on controls, except that 
the elevator seems rather insufficient at slow speeds. It 
is not very tiring to fly, and pulls up very quickly on 
landing. 

The view is particularly good for both pilot and ob- 
server. The former sits with his eyes on a level with the 
top plane, and also enjoys a good view below him on 
account of the narrow chord of the lower plane. 
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The Rumplcr Two-seater Biplane with 160 h.p. Mercedes engine 

Halberstadt — 160 Mercedes 

It was reported that the center thrust and the center Speeds at Heights 

of resistance of the plane were too far apart, so that there Standard Speed Speed 

was a tendency to stall with the engine on, and to dive He, «|* "** "**" "**■ Rpm 

in. *i  a- r.. 11 - .1 10,000 117.5 1,590 120.5 1,735 

with the engine off. Directionally, owing to propeller i%<m ms y,, 116j 1#700 

torque, the machine would awing to the left, but, with 1.5,000 110.5 1,545 11* 1,675 

engine off, would be neutral. 16,000 1083 1,530 112 1,665 
Controllability and maneuverability were good. 

Detail, of Weight and Load Carried ™ " *' iM "' CW '"' "f U "™ ,*!'""?" *" rf ™ d "™ 1 "- 

w .  . tions per Minute Flying Level 

Average total weight of machine fully loaded 4,330 lbs. 

Load Carried S P eed Flow S P eed Flow 

pi | ot lg0 | hs M.p.h. R.p.m. Gals./Hr. M.p.h. R.p.m. Gais./Hr. 

observer "..........."....."....!.. iso ib*. 1** w «* -^ i,t« 25 

Vickers gun 35 lbs. 130 W60 *1 1*> 1.685 21% 

I.ewis gun 16 lbs. 11C 1,470 17% 110 1 ,575 17 

Deadweight 134 lbs. 100 1,375 14% 100 1,470 14% 

90 1,280 12% 90 1365 12 

Total load 545 lbs. 90 1,185 10% 80 1.260 10% 

Carburetor, Zenith, 2,004, 2,394; jets, 289 main, 340 compensator. 70 1,085 9% 70 1,150 9 

„ , ' m „ . , The installation of the 160 h.p. Mercedes is on the 

Result of Trials . _ ,. ■«.»,.,■ j- . 

A B 8781 X 3012m usual German lines with center section radiator, main 

StandardTime R.ofC. Time R.'ofC. pressure tank, and gravity tank in top center section. 

Height Mins. fl./min. R.p.m. A.s.i. Mins. ft, min. R.p.m. A.s.i. The wing structure is a single bay design with the bay 

(1,365) (1,540) longer than usual in proportion to the gap. There is a 

2,000 2.0 935 1,460 71 1.8 1,040 1,620 71 sma i, annedra i ang i e on t f, e top planes, and dihedral on 

5,000 fi.6 770 1,460 70 5.0 875 1,615 70 ., , .. ™ ° , , . . , . , , ., 

loiflOO 133 500 1,450 69 ll.fi 600 1,605 69 the bottom - The Center Sect,0n M C0Vered t0 P and bottom 

15,000 27.8 230 1,430 67 22.9 330 1,580 67 wlth plywood. 

16,000 32.75 180 1,425 66 26.2 275 1375 66 The fuselage is three-ply, covered and tapers to a hori- 
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Outline of the body of the Halberstadt two-seater biplane, 160 h.p. Mercedes engine. The inset is a sketch of the tail planes 

zontal member, the width remaining constant. This al- M.p.h. R.p.m. 

lows the rigid fixing for the tail plane, no bracing or Speed at 13,000 ft 84 1,355 approx. 

struts being needed. s P eed at 1< W°° ft 97 lj385 tt PP rox - 

The tail plane is adjustable on the ground only. The 

pilot's and gunner's cockpit are constructed as one, with- R. ofC. in 

out apparently weakening the fuselage. Mm - Sec ' ft. permin. I.a.s. 

Climb to 5,000 ft 9 25 240 64 

H.p. at revolutions — not known. Climb to 10,000 ft 94 30 340 64 

Propeller — Dia. 274 cm. Pitch, 200 cm. (marked). Climb to 14,000 ft 51 55 80 58 

2,747 mm. 2,095 mm. (measured). 

Military load — 545 lbs. Service ceiling (height at which rate of climb is 100 ft. per min.) 

Total weight, fully loaded — 2,532 lbs. — 13,500 ft. 

Weight per sq. ft.— 8.2 lbs. Estimated absolute ceiling — 16,000 ft. 

Weight per h.p.— 15.83 lbs. (h.p. assumed 160). Greatest heiirht reached — 14,800 ft. in 64 min. 40 sees. Rate of 

climb at this height — 50 ft. per min. 
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Front view of Pfab single-seated fight- 
ing plane, equipped with ItiO h.p. Mer- 
cedes engine 



The Pfalz Biplane D. HI. 

The principal dimensions of the Pfalz D.III. are as trailing edge, and the distance between the spars from 

follows: axis to axis is 0.5 metres, as compared with that of 0.8 

metres in the upper plane. The difference in this dis- 

Span of upper wing Ml metres. UnM ig caused . ^ difference in tne chords of the 

Span of lower wing 7.80 

Total length 7.06 „ wmgs. 

Height 2.S7 ** On each wing are 10 wooden ribs, spaced 0.35 metres 

apart. At the seventh rib, that is to say, near the base of 

"""&■ the interplane strut, the incidence is 3 deg. 

The planes are unequal in span and chord, and stag- At IS cm. from the extremity of the first rib on the 

gered greatly forward, namely 0.43 metres. The planes lower left-hand wing is a strip of stamped metal, 24 cm. 

are not swept- back. The lower planes have a slight di- wide, resting on the two main spars and forming a foot- 

hedral angle. The trailing edges of the wings are rigid, board. 

The upper plane is trapezoidal in form, with rounded The system of false ribs and compression tubes is the 

corners. The trailing edge is cut away in the centre, the same as that in the upper plane. 

recess being shallow from back to front (0.225 metres) The lower planes are attached to shoulders constructed 

but very wide (1.65 metres). on the lower walls of the fuselage. 

At the ends of the upper plane are balanced ailerons. The gap between the planes is 1.415 metres in line with 
The plane is constructed in one piece, and the chord is the fuselage, and 1.375 metres at the base of the inter- 
uniformly 1.65 metres. Along the whole length are 12 plane struts, so the dihedral is not very apparent, 
ribs made of wood, and spaced 0.34 metres from one an- The cabane slopes outwards and upwards, 
other. The incidence of the seventh rib is S% degrees. The struts of the cabane, and those between the planes, 
Between each pair of ribs are three strips of wood are very large and thick, and are formed of streamline 
strengthening the leading edge, the middle of these runs timber. They are of a U-shape, arranged upside down 
back to the rear spar, while the two others, which are in the cabane struts, and the right way up in the plane 
very small, stop at the front spar. struts, the cross-pieces, which unite the legs of the U in 

The two main spars are built of spruce. They are the cabane struts, being found above, whereas those which 

hollow rectangular boxes. The front' spar is 0.20 metres unite the legs of the interplane struts are below, 

from the leading edge, and the rear spar 0.65 metres from All these struts are fixed with the aid of cup-joints, 

the trailing edge. It follows, therefore, that the distance and carry sheet metal ferrules at their four points of at- 

between the axes of the spars is 0.80 metres. The posi- tachment. 

tion is maintained by four interposed steel tubes. The Viewed from the front the interplane struts are in- 

structure is internally braced by crossed piano wires. clined outwards, the distance between the tops of the in- 

In the thickness of the centre section of the wings is terplane struts being 0.318 metres greater along the planes 

found a petrol tank on the left, and the radiator on the than their bases. The distance between their front and 

right. This section is heavily reinforced with plywood, rear branches corresponds to the distance between the 

The ailerons are balanced and upturned, and their chord main spars in the upper plane, to which they are attached, 

is 0.4 metres at the bfage, and 0.73 metres at the broad- Their attachment to the lower planes is different, and is 

est part of the balanced portion. They are 3.265 metres made to the piece of timber which unites the two main 

long. spars. 

Control is transmitted from the control pillar to tne lev- These two lower points of attachment are 0.3 metres 

ers of the ailerons by 3 mm. cables passing through the apart from axis to axis, 

interior of the lower wings. Bracing. — The plane-bracing is attached to the sides 

The lower planes are trapezoidal in form, as are the of the fuselage, 

upper planes, and the ends are very rounded and upturned. Two 4 mm. cables run from the summit of the cabane 

Their chord is 1.2 metres. to the shoulders on the lower part of the fuselage. 

At s point 0.2 metres from the leading edge is found Two 4 mm. cables run from the top and bottom re- 

the front main spar, the rear spar is 0.5 metres from the speetively of the front interplane strut, one to the front 
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leg of the Tinder-carriage, and the other to the summit 
of the front cabsne strut. 

Two other 4 mm. cables run from the top and bottom 
respectively of the rear interplane strut, the first to the 
front of the shoulder of the fuselage, the second to the 
summit of the rear cabane strut. These cables have a 
metal connection at their intersection. 

A supplementary cable, 3 mm. diameter, completes the 
structure of the wings, and connects the base of the inter- 
plane struts to the end of the upper plane. Its point of 
attachment is found outside these struts, 0.81 metres 
from the summit. 

All these cables are connected to lugs fixed on the spars, 
and are independent of the interplane struts. 

', The Tail 

The fixed tail-plane is trapezoidal with a rounded lead- 
ing edge to its front part'. Its greatest depth is 0.88 
metres, its width is 2.43 metres. A permanent portion 
of plywood 19 built into the fuselage, to which is an- 
chored the fixed tail-plane proper. The assemblage and 
fixing of these sections is achieved by two bands of metal 
placed at their junction above and below, and bolted in 
place. One does not remark the cable found in the first 
models brought down. 

The elevator, which is unbalanced, is formed of a sin- 
gle flap, constructed of steel tube covered with fabric. 
Its dimensions are 0.452 metres chord by 2.65 metres 
span. 

The rudder is balanced, and has the appearance of an 
oval inclined towards the rear. It is situated entirely 
above the elevators. Its structure is metallic. 

The fixed fin, of trapezoidal shape, is formed of ply- 
wood, and is moulded bodily into the fuselage. The con- 
trols are worked by 3 mm. cables, which pass through the 
interior of the fuselage, and do not come out until they 
are within one metre of its rear extremity. 

The Fuselage 

The fuselage of the Pfalc D.III. is of monocoque type, 
oval in section, and it tapers vertically towards the tail. 

Its section is very large at the portion between the 
wings, but very narrow in front and towards the rear, 
presenting a remarkable likeness to a torpedo. 

It is entirely constructed of bands of plywood, 9 cm. 
wide, and it terminates on the upper side with a ridge. 



It is apparently constructed in two halves on moulds (like 
the early Deperdussins of Mr. Koolhoven's design), after 
which the whole structure is covered with thin fabric and 






ited. 



Inside the fuselage are found eight very thin cross par- 
titions, which divide up its whole length. There are also 
eight small longerons; one in the ridge along the back, 
three on either side, and one at the base. 

The section at the centre of gravity is 0.865 x 1.16 m. 
taken at the axis of the lower plane. 
Controls 

The control of the machine is effected with the aid of 
a control column with a handle formed of two branches 
sloping towards the pilot. The hand-grips are bound 
with cord. In the centre are two buttons which work 
the machine-guns. The control column can be fixed when 
climbing or diving by a little toothed wheel. 

The rudder bar is adjustable and the seat is fixed. 

The starting magneto is found on the left-hand side 
in front of the pilot. 

Level with the pilot under the fuselage are two holes 
with plugs, to permit the draining off of oil, petrol, or 
water, which might damage the plywood if allowed to 
collect. 

Just in front of the tail-plane there is found, on either 
side of the fuselage, an opening large enough for the 
passage of the hand. This gives a better grip when lift- 
ing the machine than would the bare fuselage. 

The tail-skid of special section is constructed of ash, 
and is reinforced by metal where it touches the ground. 
The springing of the tail-skid is effected by elastic cord. 

The airscrew in common use is an " Axial " 2.83 metres 
in diameter, placed underneath a revolving pot, or " cas- 
serole." On certain other Pfalz aeroplanes has been 
found the " Heine " airscrew, 2.78 metres in diameter, or 
yet again the " Imperial " airscrew 2.70 metres diameter. 
The Engine 

The engine is a modified 160-h.p. Mercedes, equipped 
with double ignition, and a horizontal exhaust pipe on 
the right-hand side. The form of the exhaust pipe varies. 
In certain types it is a cornucopia, and the emission of 
gas is made in front of the first cylinder. On other ma- 
chines the end of the exhaust pipe is taken in the reverse 
direction, the exhaust being emitted, instead, at the rear 
of the last cylinder. 
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The engine cowl leaves the upper part of the cylinders 
uncovered. 

The petrol supply is" provided by a main tank of about 
70 litres capacity, placed in front of the pilot on the floor 
of the machine, and by a tank built into the upper plane 
with a capacity of 40 litres. In all, 110 litres of petrol 
are carried and 15 litres of oil. 

Tin- radiator is of the system of layers frequently em- 
ployed in chasing machines. It contains 4(1 litres of wa- 
ter. On its lower face is found a large aluminium plate 
fixed in two grooves, which makes it possible for the pilot 
to cover or uncover the radiating surface. 

Armament. — This consists of two fixed Spandau ma- 
chine-guns operated by the engine, and firing through the 
airscrew. They are arranged one on each side, a little 
above the cylinders, and can be fired separately or to- 
gether. 

The Landing Carriage. — This is formed by four 



streamline steel tubes 50 by 30 mm., which constitute two 
" V V 

The two front legs are joined by an arched strip of 
metal which supports the front portion of the fuselage. 
A lug embodied in the upper extremity of each strut forms 
the attachment of a cable running to the front interplane 

The steel axle, 53 mm. diameter, is placed between two 
wooden pieces. A movable and hinged plate covers the 
whole arrangement, and acts as a streamline fairing. The 
suspension is rendered elastic with the aid of metal springs 
covered with fabric, arranged like rubber cord. 

A metal cable limits the travel of the axle. 

The track of the wheels is 1.72 metres. The wheels 
are fitted with 760 by 100 mm. tires. 

Below is given a summary of results on tests of several 
German aeroplanes : 



View from above of the German Pfali single-seater f 



-, showing rudder construction. 
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Pfalz Scout 828 4/17—160 Mercedes 



The performance of this machine appears to be prac- 
tically the same as that of G/141 Pfalz Scout with 160 
h.p. Mercedes, tested in March, 1918. 

Summary of Results 



Standar 
Height 

Time 


 • 


• 

a 


• 
• 

• 

< 


Time 
Min. 

R. of C. 

ft./min, 


R.p.m. 
A.s.i. 







0,335) 






(1,3*0) 


5,000 7.0 


606 


1,370 


67 


6.9 605 


1,330 73 


10,000 17.3 


373 


1,350 


61 


17.5 360 


1,310 57 


14,000 32.3 


187 


1,330 


54 


33.7 160 


1,290 61 


Standard 


Speed 






Speed 




Height 


M.p.h. 


R. 


p.m. 


M.p.h. 


R.p.m. 


10,000 


98.0 


1,415 


102.5 


1,400 


13,000 


94.8 


1,395 


96.0 


1,355 



Details of Weight and Load Carried 

8,284/17 G/141 

Military Load 281 lbs. 281 lbs. 

Total Weight, fully loaded 2,085 lbs. 2,056 lbs. 



On this machine lift wires have been added to the over- 
hang, running from bottom rear main plane fitting to 
about half way along the back spar overhang. 

Front openings have been cut in the engine cowling to 
the cylinders, the former Pfalz being left plain. 

The tail plane has been increased from 12.1 sq. ft. to 
16.2 sq. ft., but the shape has been altered, being now 
nearly semi-circular. 

Main plane incidence and tail plane setting are approxi- 
mately the same. 



Trials on Aviatik No. G.H.Q./4 



Duty — Reconnaissance. 

Engine — Benz. Assumed 200 h.p. 

Propeller — Wotan. Dia.— 3,004. Pitch — 1,650 (measured). 

Military load — 545 lbs. 

Total weight fully loaded — 3,325 lbs. 

Weight per sq. ft.— 7.46 lbs. 

Weight per h.p.— 16.62 lbs. 



Speed at 10,000 ft. 
Speed at 15,000 ft 



M.p.h. 


Revs. 


97i/ 2 


1,600 


89 Vz 


1,510 



R. of C. Indicated 
Min. Sec. ft./min. Air Speed Revs. 

Climb to 10,000 ft.... 19 45 345 63 1,490 

Climb to 15,000 f t. . . . 40 15 165 58 1,470 

Service ceiling (height at which rate of climb is 100 ft. per min.) 

— 16,750 ft. 
Estimated absolute ceiling — 19,500 ft. 
Greatest height reached — 17,000 ft., in 56 min. 20 sec. 
Rate of climb at this height — 90 ft. per min. 



Dimensions and Equipment of the 1918-1919 Types of German Aeroplanes 

The following table permits readers to compare the points of the fighting German aeroplanes: 



Machine 



Type 



Albatros D. II 

Albatros D. Ill 

Torpedo D 

Roland D. II 

Halberstadt D 

Fokker 

Rex D. II 

Roland C 

A. E. G C. I V 

L. V. G C. I V 

D. F. W. Aviatik C. V 

Albatros B. F. W C. V 

Rumpler 

Gotha G. I. 

A. E. G 



O 4-» 

O V 

*d5 



1 
1 
1 
1 
1 
1 
1 
2 
2 
2 
2 
2 
2 
3 
3 



Span 
Upper Lower 

ft. in. ft. in. 
27 8 26 3 


Gap 

ft. in. 
4 2 


Chord 

ft. in. 
5 3 


Length 
Over All Motor 

ft. in. 


la 

o P* 

Has 

175 


° 25 © e 

O 3 O O 

2 


29 6 


28 


8 


4 10 


4 10 


24 









175 


2 











• • • • 


• • • • 










175 


2 





29 6 


28 





4 4 


4 9 


22 


6 






175 


2 





28 6 


25 


9 


4 3 


4 10 


24 





Mercedes or 


Argus . . . 


120 


2 





29 6 


20 
33 


6 



4 3 

 • • • 

4 


4 10 

• » • • 

5 3 


24 





Mercedes or 


Oberursel 


175 

• • • 

175 


2 

m • 

1 





33 










• « 


42 6 


41 





6 2 


5 5 


23 


6 






175 


2 


4 


44 6 






• • • • 


6 5 


28 









235 


2 


4 


43 6 


42 





5 6 


5 9 










228 


2 


6 


41 3 


40 





5 10 


5 10 


28 









225 


2 


4 








• • • • 


• • • • 










260 


2 


6 


78 


72 





7 2 


7 6 


41 







520 


3 


14 








• • • • 


• • • • 






Two Ben* . 




450 


2 
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The German Rumpler Biplane 

The C. IV Rumpler Biplane 

The Rumpler biplane described below is a general util- of a propeller blade. Each of the lower wings lias 17 

ity machine, and is perhaps the best in its class. It is main ribs, and four steel tube compression struts, 
chiefly of interest on account of its great speed, which is The interplane struts, of which there are two pairs on 

equal to that of a chaser single-seater, and also on ac- each side of the fuselage, are oblique. In section, the 
count of its high "ceiling" (6.500 metres). The climb . inner front struts measure 0.105 m., and the rear strut 

of the Rumpler CIV is also very good (3000 metres in 0.130 m., while the outer front strut measures 0.090 m. 

35 minutes). and the rear outer strut 0.085 m. The gap between the 

General Specifications wings is 1.85 m., and the total lifting surface is 33.5 

Span, upper plane 12.60 Metres gquare metres, of which the upper wing is 20 square me- 

Span, lower plane 13.10 Metres . . ,. , . , „ . 

Choi upper ph.* 1.70 Mrtra " e » and ,he '""' "'"« "■*■ 

Chord, lower plane 130 Metres — ,. 

Area, upper plane 20 Sq. Metres 

Area, lower plane 13.50 Sq. Metres The tail plane, which is not adjustable, is not so deep 

Gap between planes 1.85 Metres as in previous types. In plan, the leading edge of the 

Stager °- 60 Metres tai i p ] ane is approximately a semi-circle. This tail plane 

« V ""I! S'k* t « « £ [ reS »s supported on each side by struts attached at their other 

Overall height 3.25 Metres f K / 

Enjrine Merc&lts 260 h.p. °™ *° '" e bottom rail of the fuselage. I wo other struts 

or Mayharh 250 h.p. brace the tail plane to the vertical fin. The struts under 

Climb In 35 minutes 5,000 Metres the tail plane are provided with a series of sharp-edged 

w . metal points. It appears probable that the object of 
these is to prevent the landing crew, when wheeling the 

Both upper and lower wings are swept back 3 degrees. machine abouti froin catching hold of these struts, thus 

There is a dihedral angle of 2 degrees and the wings are possib i y bending t hem. The elevator is in two parts, each 

staggered forward 0.60 metres. The trailing edge, con- of whjch h parUy ba]anced bv a triangular forward pro- 

trary to usual German practice, is rigid. The ribs, which jection The puddePj whfch £ bui]t up of metal tubes is 

are made of three-ply wood, pierced for lightness, are of t||e uaual tvpe and tbe control cMt . s pass ingjde thc 

spaced 0.30 metres apart. Their angle of incidence is fusdage> gaiAtd at poin t s through small wooden tubes, 
uniform and is equal to 5 degrees. 

In the plan the upper wings are of trapezoidal form, Fuselage 
with rounded angles. Above the fuselage the trailing edge The construction of the fuselage is of the current type, 
is cut out as shown in the illustrations. The maximum with four longerons and struts and cross members, braced 
chord is 1.70 ra. In each of the upper wings there are by piano wire. Front and rear are covered with three- 
19 main ribs, and five compression struts of steel tubes, ply wood, and the middle with fabric. The propeller (a 
The ailerons are of the tapering type, their chord vary- Heine) has a diameter of 3.17 m. As on all other Gor- 
ing from 0.50 to 0.65 m. The lower wings, as in so many man machines, the propeller boss is enclosed in a " spin- 
other German machines, have rounded wing tips. As the ner." 

radius of the are forming the rear edge is longer than Engine 

that of the front, the wing tip somewhat resembles that The motor fitted on the Rumpler is either a 260 h.p. 
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A Rum pier type of German machine. Note the location of the radiators 



Mercedes or a 250 h.p. Maybach, both having six ver- 
tical cylinders. 

When the Mercedes is fitted, it is slightly tilted to the 
right, in order to allow the induction pipes to pass between 
the legs of the cabane. With the Maybach, which offers 
less encumbrance, this arrangement is not necessary. The 
motor is supplied with fuel from two tanks. The main 
one (about 220 litres) is placed under the seat of the 
pilot, the second, the service tank (about 70 litres), is 
placed at the back of the pilot between him and the gun 
ring in the gunner's cockpit. The quantity of fuel car- 
ried allows of a flight of four hours' duration. The cov- 
ering over the engine leaves the top of the cylinders ex- 
posed, and encloses a Spandau machine gun operated by 
the motor. 

The exhaust pipes run from the six cylinders to a com- 
mon chimney, curving upwards and backwards. The 
chimney itself is divided, about half way up, into three 
branches, probably in order to obtain a certain amount 



of silencing effect. As in previous models, the radiator, 
which is semi-circular in shape, is placed on the front 
legs of the cabane. In front of it is a series of small 
slats, which can be moved so as to be either parallel to 
or at right angles to the direction of flight. This is, of 
course, done in order to make it possible for the pilot to 
adjust the cooling according to the altitude at which he 
is flying. 

Behind the motor is the pilot's cockpit, and behind him 
again that of the gunner. Supported on a gun ring in the 
rear cockpit is a Parabellum machine-gun. Pilot and gun- 
ner are very close together. In the gunner's cockpit there 
is a bomb rack of the usual type, carrying four bombs. 
An opening in the floor permits of taking photographs, 
and the machine carries a wireless set. The landing 
chassis 'is of the V type, with rubber shock absorbers. 
There is no brake fitted on this machine. An external 
drift cable runs from the nose of the fuselage to the foot 
of the inner front interplane strut. 



A German Rumpler type machine 
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The Curtis* 
Model 18-T Triplane 



This machine was designed for speed and great climb- 
ing ability. 

General Dimension* 

Wing Span — Upper Plane 31 ft. 11 in. 

Wing Span — Middle Plane 31 ft. II in. 

Wing Span — Lower Plane 31 ft II in. 

Depth of Wing Cord (Upper, Middle and Lower) 42 in. 
Gap between Wings (between Upper and 

Middle) : Win. 

Gap between Wings (between Middle and 

Lower) 35»i 8 in. 

Stagger None 

Length of Machine overall 33 ft. 3% B in. 

Height of Machine overall 9 ft. 10% in. 

Angle of Incidence 2y t degrees 

Dihedral Angle None 

Sweep back 6 degrees 

Wing Curve Sloane 

Horlsontal Stabiliser— Angle of Incidence 0.5 degrees 

Areas 

Wings— Upper 112.0 sq. ft. 

Wings — Middle 87.71 sq. ft. 

Wings — Lower 87.71 sq. ft 

Ailerons (Middle 10.79; Lower 10.79) 21.58 sq. ft 

Horlsontal Stabiliser 14.3 sq. ft 

Vertical Stabiliser 5.2 sq. ft 

Elevators (each fi.Sl) 13.09 sq. ft 

Rudder 8.86 sq. ft. 

Total supporting surface 3OB.0 sq. ft 

Loading (weight carried per sq. ft. of support 9.4 lbs. 

Ing surface) 

Loading (per r.h.p. ) 7.35 lbs. 

Weights 

Net Weight — Machine Empty 1325 lbs. 

Gross Weight — Machine and Load 2,901 lbs. 

Useful Load 1.078 lbs. 



Fuel 400 lbs. 

OH 45 lbs. 

Pilot and Passenger 330 lbs. 

Useful load 301 lbs. 

Total 1,078 lbs. 

Performance 
Speed — Maximum — Horlsontal Flight 163 m.p.h. 
Speed — Minimum- -Horiiontal Plight 58 m.pji. 
Climbing Speed 15,000 ft. in 10 minutes 

Motor 
Model K-19 — 19-Cy Under, Vee — Four-Stroke Cycle, Water 

Horse Power —(Rated) at 3,500 r.p.m 400 

Weight per rated Horse Power 1.70 

Bore and Stroke 4"/, x6 

Fuel Consumption per hour 36.T gals. 

Fuel Tank Capacity 67 gals. 

Oil Capacity Provided — Crankcase 6 gala. 

Fuel Consumption per Brake Hone Power per .55 lbs. 

hour 030 lbs. 

Oil Consumption per Brake Horse Power per hour Wood 
Material Clockwise 

Propeller 

Pitch — according to requirements of performance. 
Diameter — according to requirements of performance. 
Direction of Rotation (viewed from pilot's seat) . . . 

'Detaila 
One pressure and one gravity gasoline tank located In fuselage. 
Tail skid independent of tall post; Landing gear wheel, sise 36 



At economical speed, about 550 miles. 



Three-quarter rear view of the Curtlss Model 18-T Triplane with a 400 h.p. Curtiss Model K engine 
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Three-quarter rear view of tbe Sopwith 
Triplane. Note the single struts and the 
ailerons on all three wings 



The Sopwith Triplane 



What probably has led to the return of the triplane 
form of construction is the small span which it en- 
ables one to use. Another advantage of the triplane 
arrangement is that the as pert ratio, which should not be 
less than 6, but which in many machines of short span 
often has to be oonsiderably less, can be more easily ar- 
ranged for in the triplane. Thus in the case of the Sop- 
with triplane the chord is only little over 1 metre, and 
tbe span is 8 metres. The increased wing resistance is 
counteracted by the employment of only one strut on each 
side and a very simple wing bracing. Furthermore it is 
possible, owing to the light loading of the wings, to con- 
struct the wing spars considerably lighter, and still have 
a comparatively great free length of spar, in the case of 
the Sopwith triplanes about 2-75 m. with an overhang of 
1.40 m. The weight of the total wing area will there- 
fore scarcely come out greater than in the case of a bi- 
plane of the same area. Possibly also the arrangement 
of the wings is advantageous as regards the view obtained 
by the pilot, as the middle wing is about on a level with 
his eyes, and the upper and lower wings, on account of 
their small chord, do not obstruct the view to as great 
an extent as the wings of the ordinary smaller biplane 
having a greater wing chord. While both lift wires pass 
in front of the middle wing, the landing wire runs through 
it. The bracing cables for the body struts are crossed 
in the case of those running forward to the nose of the 
machine, while those bracing the struts in a rearward 
direction are straight. The gap between the wings is 
90 centimetres, and the stagger is about 25 per cent. All 
the wings are fitted with wing flaps connected by a ver- 
tical steel band. In the nose the body carries a 110 h.p. 
Clerget rotary motor, enclosed in a circular cowl, which 
projects below the body in order to allow the air to escape. 

The body is of rectangular section, rounded off in front 
by means of a light wooden framework in order to make 
it merge into the curve of the engine cowl. The width 
of the fuselage is 0.70 m., and it tapers to a vertical knife- 
edge at the back, to which the rudder is hinged. The 
elevator is in two parts, and has in front of it a tail plane 
of about 3 metre span, which, as in all Sopwith machines, 
can have its angle of incidence adjusted during flight. 

The area of the Sopwith triplane is 27 square metres, 
so that for a total weight of 670 kilogs. the wing loading 



is only 25 kilogs, per square metre. With such a light 
loading the machine has undoubtedly a considerable speed 
and a very good climb. Further particulars relating to 
these have not yet been published up to the present. The 
triplane is built both as a single-seater and as a two- 
seater, and has always a fixed machine-gun in front above 
the fuselage, and in the case of the two-seater another 
machine-gun operated by the observer. This increases 
the weight of the two-seater by about 100 kilogs. 

The under-carriage consists, as in all Sopwith machines, 
of two V's of steel tubing and a divided wheel axle, the 
hinge of which is braced from the fuselage. 

The following remarks are taken from a technical re- 
port: 

The fuselage with tail plane and rudder is. the same as 
that of the small Sopwith single-seater biplanes. The 
three wings have a span of 8.07 m. and a chord of ) m. 
The lower and middle wings are attached to short wing 
sections on the fuselage. The upper plane is mounted on 
a small center section supported by struts from the body. 
Both spars of the upper wing are left solid, while those 
of the lower and middle are of I-section. The interplane 
struts, which are of spruce, and of streamline section, 
run from the upper to the lower wing, and the inner ones 
from the upper wing to the bottom rail of the fuselage. 
In order to give a better view the middle wing, which is 
on a level with the pilot's eyes, is cut away near the fuse- 
lage. 

The wing bracing is in the form of streamline wires 
of l/i-in. diameter. The very simply arranged landing 
wires are in the plane of the struts, while the bracing of 
the body struts, as well as the duplicate lift wires, are 
taken further forward. From the rear spar of the mid- 
dle wing, wires are run forward and rearward to the up- 
per rail of the fuselage, and the lower wing also has a 
wire running forward to the lower rail of the body. All 
the planes have wing flaps, and inspection windows of 
celluloid are fitted over the pulleys for the wing flap 
cables. 

The motor is a 110 h.p. Clerget, and the petrol is led 
to the engine by means of a small propeller air pump 
mounted on the right hand body strut. As the air screw 
was not in place we cannot give details of it. In the 
pilot's seat were the following instruments: On the right 
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regulating the air, and lever for regulating the petrol. 
The weight of the machine empty was found to be 490 
kilogs., and if the useful load is assumed to be £00 kilogs., 
we obtain a total weight of 690 kilogs., which, with an 
area of 21.96 sq. metres, would give a loading of 31.1 
kilogs. per square metre. 

Further, the following particulars are given: Motor: 
Clerget, nominal h.p. 110, brake h.p. 118; fuel capacity 
for two hours, petrol 85 litres, oil 23 litres; area of wings 
and flaps (square metres), upper 7-90, middle 6.96, lower 
7.10, total 21.96; area of elevators 6 by .5, of wing flaps 
1.10, of rudder .41. Angle of incidence (degrees): upper 
wing, root -4- I, tip — .8; middle root -f- 1-5, tip + 1.5; 
lower, root +.5, tip — .5; tail plane, variable -4- 2 to 
— 2 degrees. Loading per sq. metre, empty 22. S, fully 
loaded SI. 4; loading per brake h.p. empty 4.15, fully 
loaded 5.85. 

At economic speed, about 530 miles. 



A British pilot preparing for a flight in a Clerget- motored 
Sop with trip June 

hand wheel for varying the angle of incidence of the tail 
planes, a hand operated air pump and a petrol indicator. 
In the middle, air speed indicator, manometer, clock, revs, 
indicator, and switch. On the left a petrol tap, lever for 



Fuselage with under- carriage and accessories.. 

Wings '■ ;.;...- 

Tail plane, rudder-and elevator 

Engine : 

Petrol tank .' 

Oil tank 

Propeller . . .' 

Engine accessories 

Mounting 

Total weight empty 

Pilot 

Gun and ammunition 

85 litres of petrol and 23 litres of oil 

Total weight, useful load 



Interior of the Sopwith factory, showing one of the trlplanes being assembled, and in the background the biplanes 
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The remarkable "baby" Caproni trlplane scout, the smallest member of the Caproni family, Hr. Caproni standing by 



Since the War, both the Caproni biplane and trlplane have been remodelled for passenger travel or commercial purposes. 
Tlie biplane has been fitted with a cabin to uccuiumodute eight persons: outside there are seats for the two pilots and for another" 
passenger or a mechanic; under the passenger seats there is room for SOUIhs. of mail. The biplane normnlly carries gasolene for 
Si hours. The triplane, equipped with three Liberty engines, has been fitted with a passenger cabin, with* accommodation for 
16 people Inside and four others above. 
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Perspective Sketches of the German Fokker Triplane 



The upper sketch shows a three-quarter rear view of the Fokker Triplane. This illustration gives a good idea of the general 
arrangement of this interesting machine, Note the small veneer plane enclosing the wheel axle. Below is a three-quarter front 
view of the Fokker Triplane. The thickness of the wings can be imagined from an inspection of this drawing. The pin-jointed 
struts are really ties rather than struts as they are working in tension 
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The Fokker 



ane 



The Fokker triplane can be said to be of the " wire- 
less " type. 

The internal construction of the wings is designed to 
provide all the strength without any external aid of any 
kind. The interplane struts, which are really ties rather 
than struts, might conceivably have been omitted alto- 
gether, and so far as one is able to judge, their only func- 
tion is to help to distribute the load more evenly between 
the three wings. It is well known that in a biplane the 
upper wing carries about four-sevenths of the total load 
(when the wings are of equal section, span, and chord) 
and the lower wing about three-sevenths. In a triplane 
much the same distribution is found, with the exception 
that the middle and lower wing each take a share (not 
equal) of the three-sevenths of the total load. 

In the Fokker triplane the upper wing is of larger span 
than the middle wing, which in turn is of slightly greater 
span than the lower wing. In consequence, as the three 
wings appear to be all of the same section, the upper wing 
must carry more than four-sevenths of the total load. In 
order to provide a better load distribution, the middle and 
lower wings are made to carry their share of the load 
on the top plane by connecting them to this via thin high 
fineness ratio struts, which are in reality ties as they 
are working in tension. This explains why the struts 
are so extremely thin (about i/> * n an ^ the moment of 
inertia of the strut section would be so small that the 
struts would buckle under a very small load if subject to 
compression. 

The fact that no lift bracing is employed naturally 
necessitates wing spars of considerable depth if the spar 
weight is to be kept reasonably low, and in the Fokker 
triplane this has been attained by making the wing sec- 
tion very thick in proportion to the chord. Roughly, the 
maximum camber is in the neighborhood of one-eighth of 
the chord. 

The two wing spars are placed very close together, and 
are enclosed in a box of three-ply wood. The function 
of this box is two- fold, it increases the strength of the 
spars for taking bending and at the same time acts as 
internal drift-bracing. 

The upper wing, which is in one piece, runs right across, 
and is supported on struts sloping outwards as in the Sop- 
withs. The other two wings each have a centre section 
rigidly attached to the body, the middle one resting on the 
top longerons and the bottom one running underneath the 
lower longerons, an aluminium shield streamlining the 
normal surface presented by the deep flat sides of this 
spar. 

From the illustrations it will be seen that the gap is 
unusually small, being very considerably less than the 
chord. The inefficiency thus caused is partly made up 
for by staggering the wings but even so one would imag- 
ine the machine to be somewhat inefficient. The interfer- 
ence owing to too close spacing of the wings chiefly affects 
the lift co-efficient, and as the machine is probably very 
lightly loaded — compared with the majority of German 
machines — it is possible that the landing speed is not 
excessive. 

Strictly speaking, the Fokker is not a triplane. It 



would be more correct to term it a three-and-a-half plane, 
as the wheel axle is enclosed in a casing of plywood which 
has a section somewhat similar to that of the wings. Ex- 
periments have shown that floats of such a section as to 
have a deeply cambered top surface may be made to sup- 
port their own weight during flight. In the case of the 
Fokker triplane it appears probable that this plywood 
casing around the wheel axle carries a not inconsiderable 
load during flight. Its section appears capable of sup- 
porting a fair load per square foot of area, and its in- 
efficiency due to low aspect ratio is probably less than 
one would expect in a plane of an aspect ratio of about 
two, on account of the proximity of the covered-in wheels 
to the tips, the effect of which must be to stop end losses 
to a considerable extent. 

As regards the body of the Fokker triplane this is con- 
struetionally very similar to that of the Fokker mono- 
planes. Longerons as well as struts and cross mem- 
bers are in the form of steel tubes, and are joined together 
by welding. The internal bracing of the body is pe- 
culiar in that the bracing wires are in appearance in 
duplicate, although they are not so in effect. 

The arrangement, to which we shall revert again when 
dealing with the Fokker in detail, does not appear to 
possess any other advantage than that in each bay only 
half the number of loops have to be made in the wires. 

The tail plane, as well as the elevators and rudder, 
is made of steel, and is of a symmetrical section, much 
thinner than that of the Albatros, but otherwise similar 
to it in that no external bracing is em-ployed. While this 
is quite satisfactory in the Albatros on account of the 
thick tail plane spars employed, it appears wholly inade- 
quate in the Fokker, as the plane is very thin, and since, 
moreover, the trailing edge of the tail plane is a steel 
tube, which section, as is well known, • is not a good one 
for a laterally loaded beam, owing to the fact that much 
of the material is massed around close to the neutral axis 
where it is not taking very much of the load. 

As exhibited at the Enemy Aircraft View Rooms the 
Fokker is not complete inasmuch as the engine has been 
removed. The cowling shows without a doubt that the 
engine must have been a rotary, and the mounting is of 
the type usually employed for rotary engines, i.e., a main 
engine plate bolted to the nose of the body, and a pyramid 
of steel tubes, supporting at its apex the rear end of the 
crank -shaft. A sheet of aluminium is placed immediately 
in front of the engine plate. The manner of cowling in 
the engine will be apparent from our illustrations, and 
does not present anything of particular interest, follow- 
ing, as it does, conventional practice. 

Although they are not in place in the machine as ex- 
hibited, it is evident from the aluminium castings for the 
cartridge belts that two synchronised machine-guns have 
been fitted, one on each side above the fuselage. The 
usual triggers, operating the guns through Bowdcn cables, 
are mounted on the control lever, which latter is of the 
usual type. 

The following data relating to the weight of the ma- 
chine is given: Weight empty, 376 kg., useful load, 195 
kg., total weight, 571 kg. (about 1250 lbs.). 
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Front view of the early form of Aeromsriue Seaplane, showing the small bead-resistance 

The Aeroroarine Training Seaplane 

The seaplane is substantially the same as the land trac- Twin pontoons are arranged catamaran style, centered 

tor, except that the seaplane has a slight increase in plane 7 ft. in. apart. They are of the hydroplane type with 

area. V bottoms and rounded sides and tops. Length, 16 ft. 

General Dimension! 6 in.; beam, 30 in.; depth 17 in. A3 in. step occurs 7 ft. 

Span, upper plane 12 ft. 9 In. 6 in , f TOm tne rear en( ] of the pontoon. Air leads are 

Span, lower plane . it ft. in. . ... . , . . . . , J . 

Chord P . ... 6 ft. 3 In. bu.lt ,„ to reduce the v.euum M the step. 

Gap 6 ft. 6 in. Material of pontoon is spruce, ash and mahogany, with 

?H ft. 9 in. double diagonal planking having layers of fabric between. 

Height over nil 1* ft. In. The inside is divided into several watertight bulkheads. 

Weight, empty MOO lbs. The er , ant jn tbe machine shown in the accom _ 

Speed range < i-t3 m.p.h. , ... ,_* ., . . , „ „ _ „ „ . _ „ , 

Motor, Hall Scott "A7a» 100 h.p. P"»T™g illustrations consists of a Hall-Scott A7a 4 

cylinder, vertical, four-stroke cycle, rated 100 h.p. at 

Dihedral angle of wings, 1° ; Stagger, 1 ft. 6 in. There 1400 r.p.m. Bore and stroke, 5 14 ' n - by 7 in.; weight, 

is no backsweep. Aspect ratio of top plane, 6.8; lower 410 lbs. Fuel consumption per hour, 9\-<< gallons. Oil 

plane, 5.4. Wing curve, H.A.F. 6. Plane area, not in- capacity in crankcase, 3 gallons. Fuel carried for a flight 

eluding the two ailerons, 410 sq. ft. of 4 hours' duration. The propeller is 8 ft. 4 in. in diam- 

The body is 22 ft. 6 in. in length; width, 34 in.; maxi- eter. 

mum depth, 3 ft. 6 in. Standard dual Dep control is in- A streamline stack discharges the exhaust gases from 

stalled. the motor over the top of upper wing. This protects the 

The stabilizer is double cambered, non-lifting and non- passengers from the gas and keeps the machine clean, 
adjustable; area, 50 sq. ft. Area of rudder, which is of 
the balanced type, 10 sq. ft. 



Side view of the early type of Aeromarine Seaplar 
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FRONT VIEW OF THE 100 H.P. AEROMARINE NAVY TRAINING SEAPLANE 
The Aeromarine Navy Training Seaplane. It is equipped with a Curtiss OX 100 horse-power engine or the Aeromarine 
ISO horse-power engine. This seaplane is of the single float type, a development of the Aeromarlne twin float Seaplane which has 
been used extensively by the Navy Department. With the single float the machine Is easy to manmuver on the water 



The Aeromarine Model 10- T Flying Boat Is provided with a 100 horse-power Curtiss OX engine. This machine has been de- 
signed to answer requirements of the sportsman. The Aeromarine 130 horse-power Type 1. engine is supplied when desired. 
Span of upper plane 48 feet; chord, "5 inches; gap, 78 inches; total weight 192S pounds; weight fully loaded, 2,485 pounds. The 
wing floats have a buoyancy of 964 pounds. 35 gallons of gasoline are carried 

The Aeromarine ** T-50 " Three Seater Flying Boat 



1 — Seating arrangement, showing the open cockpit far the pilot and the two rear passengers' seats enclosed in a transparent 
cover, which protects the occupants from the wind and spray. The casing is divided and hinecrt at the middle, permitting access 
from either side. 2 — Stern post, rudder hinges and hull skid. 3 — Aileron pulley attached to the lower left plane. 4 — Engine 
bed, and attachment of middle struts. $ — Right wing float, built up of mahogany veneer with an ash frame. The bracing is of 
steel tube, faired to a steamllne form 
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The Boeing Type C-l-F Seaplnr 



Boeing Seaplani 
The model C-l-F is an advanced mod ill cation of the 
Boeing type " C " seaplane used by the Navy Depart- 
ment for training purposes, during the war. This ma- 
chine embodies the use of the single float and the Curtiss 
OXX-2 eight-cylinder motor. A further modification from 
the " C " type lies in the use of one degree of dihedral 
rather than 2% degrees as used on the older machine. 

Wing Structure 
The wing structure follows the model " C " in that a 
50 per cent, stagger and 2 l /j degree declage is used. This 
combination assures the inherent longitudinal stability 
which has been characteristic of previous Boeing designs. 
The center eabane struts are made of seamless steel tub- 
ing with special steer terminals, giving a simple, efficient 
and sturdy center section construction. The forward con- 
struction of the eabane eliminates fore and aft stays and 
furnishes substantial means of bracing the side radiators. 
The interplane spruce struts are of straight streamline 
form, tapered at the ends to accommodate strut sockets, 
while the internal drift struts are made from web sec- 
tions, of box form. The wing fittings are of special de- 
sign, giving a minimum of bead resistance, while provid- 
ing for maximum strength necessary. The wing tip floats 
are provided, these being of conventional form and se- 
curely braced to the lower wings. 

Tail Unit 

The design of this unit is characterized by extreme sim- 
plicity as well as maximum strength. Balanced elevators 
are used, giving automatic adjustment for differences in 
loading. This feature is particularly notable to pilots in 
that maximum and minimum conditions in the distribution 
of the useful load are unnoticed in flight. The elevators 
are fixed to steel shaft, having center and two end bear- 
ings for supports. Fin and tail posts are of steel, mak- 
ing a thoroughly satisfactory mounting for bracing and 
tubes. 

Landing; Gear 

The landing gear is of conventional single float type. 
The underwater lines of this float are such as to asssure 
quick get-away and easy landing without undesirable 



-Type C-l-F 

spray and water disturbances. The stability of this ma- 
chine has frequently been demonstrated while taking off. 
landing and taxying in rough seas and while drifting in 
as high as 30-mile winds. The float is of two-ply lami- 
nated construction and with cotton and marine glue be- 
tween the laminations. The external float fittings are 
such as to facilitate rapid assembly as well as to trans- 
mit all stresses to the center longitudinal bulkhead, which 
is the main strength member of the float. The landing 
struts are of streamline steel tubing. 

Body 
The body is of the conventional longeron truss type with 
metal frames for engine bearers and metal carry through 
struts for lower wings. The seats are made from a series 
of ash slats conforming to the attitude of the occupant 
and covered with detachable upholstery. The cushions 
are stuffed with Kapoe and are readily detachable for 
use as life preservers in emergency. The instrument 
board is equipped with all instruments necessary to indi- 
cate the operation of the machine. The surface control 



The Boeing Type C-l-F Seaplane 
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The Boeing Type C-l-F Sea- 
plane with Curtiss OXX-2 motor 



is Dual Deperdussin, featuring an adjustable rudder and 
adjustable rudder compensator for distance service. The 
engine throttle is mounted at the right of both cockpits, 
and the ignition retard is at the left of the pilot's cock- 
pit. The Curtiss OXX-2 100 h.p. motor has proven ex- 
tremely satisfactory. It is light, powerful, economical 
and free from undesirable vibration in the range of flying 
operation. A hand starting lever is provided immediately 
behind the motor and has given satisfactory service. As 
mentioned before, the cooling system is mounted to the 
rear and above the motor. This mounting is exceptionally 
effective and has performed satisfactorily in service. The 
gasoline tank is immediately behind the motor and sup- 
plies gasoline under atmospheric pressure to the carbu- 
retor. The carburetor lead is supplied with a shut-off 
valve operated from either cockpit as well as a con- 
venient drain beneath the body. 

Performance 

1, Power Plant — 

Curtiss OXX-2 100 h.p. 

2. Wing and Control Surface Artat — 

Main Planes (including Ailerons) 493 sq. ft 



Upper Planes (including Ailerons) 264 sq. f t. 

Lower Planes 229 sq. 1 1. 

Ailerons 36 sq. ft. 

Number of Ailerons 2 

Klevators 30 sq. ft. 

Rudder 12 sq. ft. 

Vertical Fin 6 sq. ft 

3. Overall Dimentioiit — 

Span Upper Wing 42 ft. lly, in. 

Span Lower Wing 42 ft. 11% in. 

Chord Upper and Lower Wing 69 in. 

Gap 72 in. 

Length over all 27 ft deg. In. 

Height over all 12 ft. lly, in. 

Dihedral 1 deg. 

Stagger 39'/, In- 

Incidence of upper wings 6% deg. 

Incidence of lower wings 4deg. 

4. Performanrt — 

Climb in 10 minutes (full load) 1800 Feet 

High speed 70M.P.H. 

Landing speed 38M.P.H. 

Endurance at full speed 2'/, hours 

3. Weight — 

Loaded 344fi lbs. 





THE BURGESS SEAPLANE 

MODEL HT-2 

SPEED SCOUT 



Scale of feet 



McLaughlin 
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The Burgess Speed Scout 
Seaplane 



Thrre-qiinrtcr front view of the Burgess speed scout seaplane 



One of the neatest scout machines of American manu- 
facture is the Burgess HT-2 seaplane. The Burgess Com- 
pany's experimental works has developed and perfected 
a number of original construction features in this scout, 
the most apparent of which are the struts between the 
planes and to the floats, the shock-absorbing float system, 
and a detailed elimination of sharp angles by means of 
balsa-wood streamlining. 

General Specifications 

Wing span, upper 3* ft. 4 in. 

Wing span, lower 21 ft. 6 in. 

Wing chord, both planes 3 ft. 6 in. 

Gap between planes 4 ft. In. 

Height over all 10 ft. in. 

Length oevr all 22 ft. 3 in. 

Motor, Curtiss OXX-2 100 h.p. 

Maximum speed 95 m.p.h. 

Landing speed SO m.p.h. 

Planes 

There is no dihedral, stagger or sweepback. The upper 
plane is in four sections, the central sections joined by a 
pair of metal plates at the wing spars. Each section 1 1 
ft. in. long. Outer or overhanging sections, to which 
the ailerons are attached, are 1 each 5 ft. 10 in. long. 

The lower plane sections extend 9 ft. 4 in. at either side 
of the fuselage, which is 30 in. wide at this point. Ribs 
are spaced 9 in. apart. The forward main spar is cen- 
tered 8 in. from leading edge; spars centered SO in. apart; 
and the trailing edge is 14 in. from the center of rear 
spar. This totals to 42 in., the chord of the plane. 

Internal drift wires are terminated to the ends of ta- 
pered compression struts, the ribs being relieved of this 
strain. Overhang brace wires and interplane brace wires 
are doubled, and the space between filled with spruce 
streamlining strips, the edges of which are routed out to 
receive the wires. 

The struts are K shaped, built up of spruce and cov- 
ered with fabric. In forming the strut, one spruce member 
runs from below the upper rear wing spar to top of lower 
forward wing spar; another member runs from below 
upper forward spar to lower rear spar. This forms an 
X. A third member between the upper and lower forward 
spars gives the K shape. The ends are tilled in to a 



curve with balsa-wood, doing away with tha angles, -and 
producing a streamline effect. 

Body 

The forward part is covered with louvred sheet alumi- 
num in the usual manner. The circular radiator at the 
nose is 27 in. in diameter. The sides and top of the 
body are curved beyond the longerons by means of thin 
horizontal strips of spruce, supported on formers, and 
covered with fabric. The top is provided with a semi- 
elliptical streamlining ridge starting at the pilot's head- 
rest. The top of the body is in sections, which are sep- 
arately removable. 

The pilot's cockpit is exceptionally deep and roomy. 
Deperdussin control is installed; the aileron control passes 
through the sides of the body at a point 12 inches above 
the lower plane, on line with the forward edge of struts, 
running to the top of the K strut, thence to a pulley at- 
tached to the underside of the upper wing spar, and then 
to the aileron crank. Control wire openings in the body 
are protected by heavy skin washers, sewed to the fabric. 

The cockpit top, above the instruments, is formed with 
celluloid, giving ample lighting to the cockpit interior 
and at the same time providing a satisfactory wind shield. 

Tail Group 

The rear spar of the tail plane is 11 ft. in. long. 
Solid wire braces run from both the forward and rear 
spars to the top rear end of the vertical fin, and also 
from underneath the forward spar to the tail float. 

The root of the vertical fin is built into the curved fuse- 
lage top. The rudder has a small balancing surface for- 
ward of the hinges, the lines of the rudder continuing 
from the curve' of the fin. 

The pair of stabilisers are attached to a single forward 
spar, causing them to work in unison. Control crank 
arms are 9 in. high, with a pair of solid brace wires to 
each. 

Floats 

Main floats are 11 ft. in. long, S ft. in. wide and 
17 in. in maximum depth. They are spaced 6 ft. 6 in. 
from center to center. The forward horizontal strut be- 
tween the floats is located 2 ft. 2 in. from the bow, and 
the rear strut, which acts as a shock-absorbing axle, 7 ft. 
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Side view of the Burgess HT-2 speed 
scout seaplane 



8 in. from the bow. Struts run from the forward hori- 
sontal strut to points near the radiator. The rear axle 
is at the lower termination of the V struts, which run 
from the fuselage and the lower plane, continued in the 
K strut to the top plane. This axle is attached to the 
float by rubber cord, with metal guides to allow for the 
vertical movement of the axle. By means of this system 
of shock absorbing, much of the porpoising has been 
eliminated when taxi-ing, and many of the hard landings 
are entirely taken up by it. 

Hand holds are provided at each compartment, screwed 
flush with the deck. Mooring rings are attached at the 
forward end of each float. A step occurs just below the 
rear axle with a 2 in. air duct run through the float to 
prevent suction. 

The main support for the tail float is provided in a 
£6 in. extension of the fuselage termination which is 
streamlined fore and aft, to a width of iy.% in. A pair 
of struts 24 in. long are located 15 in. from the front 
of tail float, and bracing wires run from their upper 



The shock-absorbing float support 

ends to the lower end of rear strut. Overall length of 
pontoon, 4 ft. 6 in., width 111/., in., depth 13 in. 
Motor Group 
The propeller, designed by the Burgess Company es-' 
pecially for the speed scout, is 7 ft. 9 in. in diameter, 
with a 5 ft. 9 in. pitch. The motor is a Curtiss OXX-2 
rated 100 h.p. at 1400 r.p.m. Fuel is carried for a flight 
of 2Va hours' duration. 



Curtiss Model H-A Mail Machine. Streamline has been carried to a very effective degree on the Curtiss Model H-A MaQ 
Machine. The fuselage is exceptionally deep, wings being attached directly to the fuselage and a single pair of struts at either 
side. A Kfrkham model K-13 engine is used, connected to a four bladed propeller with high pitch. The photograph shows the neat 
way in which exterior control wires have been eliminated. 
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The Curtiss Model H-A Hydro. An unusual feature in this machine is (he single pair of struts from the pontoon to tlie fuselage, 
the deep hody and the elimination of struts hetween the wings and body. The upper plane has the customary positive dihedral but 
the lower planes slope downward In a negative or reversed dihedral. The Hydro resembles in many respects the H-A Land Ma- 
chine hut two sets of struts are used on the Hydro because of the greater span. 

The CurtUs H-A Hydro 

The Curtisa H-A Hvdro is a two-place single float sea- Upper plane 30 ft. in. 

plane. The upper wing has a dihedral of 3° and the J^ r P |nne * *■ ° in - 

lower plane a cathedral of 1 °, Both planes have an in- Maximum ian 7054&' in 

cidence of 2°, and a sweepback of 4Vi°- In official tests Minimum gap 55y, In. 

by the Navy Department this machine has made a speed Overall height 10 ft. 7 In. 

of 131.9 miles per hour with a full load. Its climbing Overall length 30 ft. 9 in. 

speed is 8500 feet in ten minutes. Area, upper plane IrWkB sq.ft. 

■v., , , Area, lower plane 1 70 & sq. ft. 

The float is 20 feet long, 3 ft. 6 in. wide and 2 ft. 6 in. Total supposing area 390 sq. ft. 

deep. It has three planing steps. A rea of each aileron 8.8 sq.fi 

The horizontal stabilizer is adjustable during flight, Total aileron area 34.4 sq. ft. 

within the limits of minus and plus 1°. The machine Horixontal stabiliter M sq. ft. 

, ,. K. , . f ,. . . Vertical stabiliser 19.9 sq.ft. 

carries four machine-guns; two fixed Marlins and two Rudder 16.75 sq. ft. 

flexible Lewis. . . . 

The engine I... . Libert, 12, giving 8S0 h.p. It i. w ^ t „ "« " „ x , b , : 

directly connected to a two-bladed propeller 9 ft. 2 in. in Weight per h.p 11.5 lbs. 

diameter, with a 7 ft- 7 in. pitch, or a three-bladed pro- Net weight, machine empty 2JBS8 lbs. 

peller 8 ft. 6 in. in diameter and 7 ft. 6 in. in pitch, de- Weight, full load 1,013 lbs. 

pending upon whether speed or quick climb is required. Performance 

The general specifications are as follows: Speed range 63 to 131.9 m.p.h. 

Climb 1,000 ft. per minute 



, which is rated to line 



speed range of from 62 to 130 miles per hour 
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An HS 3 L and other types of American flying hosts and seaplanes taking off in formation 

Curtis* Model HS-2-L Flying Boat 



In order to increase the amount of load carried, the 
HS 1 L type of machine was given additional wing sur- 
face and thus became the HS 2 L. The speed was not 
reduced by this change. The climbing power was con- 
siderably increased. 

General Dimension! 

Wing Span — Upper Plane 7* ft. 0i%2 In. 

Wing Span — Lower Plane 6* ft. U% 3 in. 

Depth of Wing Chord 6 ft. 3%2 In- 

Gap between Wings (front) 7 ft. 7% In. 

Gap between Wings (rear) 7 ft. 52% 2 in. 

Stagger None 

Length of Machine overall 40 ft. 

Height of Machine overall It ft. T'/ 4 In. 

Angle of Incidence — Upper Plane 6% degrees 

Angle of Incidence — Lower Plane 4 degrees 

Dihedral Angle 3 degrees 

Sweepback degrees 

Wing Curve R. A. F. No. 6 

Horizontal Stabiliser — Angle of Incidence degrees 

Wings — Upper 3H0.32 sq. ft 

Wings — Lower 314.93 sq. ft. 

Ailerons (upper 62.88; lower 43.48) 103.36 sq. ft. 

Horizontal Stabiliser 5i.8 sq. ft 

Vertical Stabiliser 19.6 sq. ft. 

Elevators (each 23.8 sq. ft.) 45.6 sq. ft. 

Rudder 26-S sq. ft. 

Total Supporting Surface 800.8 sq. ft. 

Loading (weight carried per sq. ft. of support- 7.77 lbs. 

Ing surface) 

Loading {per r.h.p.) 18.85 lbs. 



Weight. 

Net Weight — Machine Empty *,S59 lbs. 

Gross Wright — Machine and I.oad 6,333 lbs. 

Useful Load 1,864 lbs. 

Fuel 977 lbs. 

Crew 360 lbs. 

Useful load 537 lbs. 



Total . 



. 1,664 II 



Performance 
Speed — Maximum — Horizontal Flight 91 miles per hour 
Speed — Minimum — Horizontal Flight 55 miles per hour 
Climbing Speed 1,800 feet In 10 minutes 

Liberty I2-Cylinder, Vee, Four-Stroke Cycle .... Water cooled 

Horse Power (Rated) 330 

Weight per rated Horse Power 2.55 lbs. 

Bore and Stroke 5 in. x 7 in. 

Fuel Consumption per Hour 33 gals. 

Fuel Tank Capacity 153.8 gals. 

Oil Tank Capacity 8 gals. 

Fuel Consumption per Drake Horse Power per 

Hour 0.57 lbs. 

OH Consumption per Brake Horse Power per 

Hour 0.03 lbs. 

Propeller 

Material Wood 

Pitch — according to requirements of performance. 
Diameter — according to requirements of performance. 
Direction of Rotation (viewed from pilot's seat) Clockwise 

Maximum Range 
speed, about 5T5 miles. 



Front view of the HS-2-L equipped with a Liberty "12" motor 
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i the forerunner of (he The Curtiss Model HS-1 




The US 2-1, equipped with a Liberty motor. The wing spread of the HS 1-1, was in- 
creased to lift a greater load. A count erba lanced rudder was also added. This type 
of machine was used for patrol duty in this country and also as a training plane for the 
pilots of the H-lt> and F 5-L boats. 



Side view of the HS 2-1,. It has been found that only one set of ailerons on the 
upper wing only is sufficient to handle the machine. The use of this l>oat for combat 
purposes is limited because of its unprotected rear portion. As a patrol scout it car- 
ried two bombs, beneath the lower wing, one on each side of the hull. The crew con- 
sists of two pilots and an observer in the front cockpit 
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The Navy Department has em- 
ployed a great number of the M. 
F. Boats for coastal training 
work. Machine is well suited for 
marine sportsmen for it is com* 
paratlvely small and is easily 
handled. The tioat is provided 
with cither a Curtiss OX 5 100 h.p. 
engine or the new Kirk ham K-tt 
150 h.p. six-cylinder vertical en- 
gine. The M. F. Boat is an im- 
provement in' design over the Cur- 
tiss F Boat which found so much 
favor before the war stopped 
civilian flying 



Curtis* Model MF Flying Boat 



it 



This machine is suitable for general and sporting use. 
proved form of the F boat. 



General Dimensions 

Wing Span — Upper Plane 49 ft. 9% in. 

Wing Span — Lower Plane 38 ft. 7%a In. 

Depth of Wing Chord 60 in. 

Gap between Wings at F.ngine Section 6 ft. 4%, in. 

Stagger None 

Length of Machine overall 28 ft. 10^£ in. 

Height of Machine overall 11 ft. 9% in. 

Angle of Incidence 6 degrees 

Dihedral Angle, Lower Panels only 2 degrees 

Sweepback None 

Wing Curve U. S. A. No. 1 

Horizontal Stabilizer — Angle of Incidence ... degrees 

Areas 

Wings — Upper 187.5* sq. ft. 

Wings — Lower 169.10 sq. ft. 

Ailerons (each 23.43 sq. ft 44.86 sq. ft. 

Horizontal Stabiliser 33.36 sq. ft. 

Vertical Stabiliser 15.74 sq. ft. 

Elevators (each 15.165 sq. ft.) 30.33 sq. ft. 

Rudder 20.42 sq. ft. 

Total Supporting Surface 401.50 sq. 

leading (weight carried per sq. ft. of support- 6.05 lbs. 

ing surface) 

Loading (per r.h.p.) 24.32 lbs. 

Weights 

Net Weight — Machine Empty 1,796 lbs. 

Gross Weight — Machine and Load 3,432 lbs. 

Useful T.oad 636 lbs. 

Fuel 240 lhs. 

Oil 22.5 lbs. 

Water 36 lhs. 

Pilot .165 lbs. 



Total 636.0 lbs. 

Performance 
Speed — Maximum — Horizontal Flight 69 miles per hour 
Speed — Minimum — Horizontal Flight 45 miles per hour 
Climbing Speed 5,000 feet in 27 minutes 

Motor 
Model OXX — 8-Cylinder, Vee, Four-Stroke Water cooled 

Cycle 

Horse Power (Rated) at 1,400 r.p.m 100 

Weight per rated Horse Power t.01 lbs. 

Bore and Stroke *y, z 5 in. 

Fuel Consumption per Hour 10 gals. 

Fuel Tank Capacity 40 gals, 

Oil Capacity Provided — Crankease 5 gals. 

Fuel Consumption per Brake Horse Power per 

Hour 0.60 lhs, 

Oil Consumption per Brake Horse Power per 

Hour 0.030 lbs. 

Propeller 

Material r Wood 

Pitch — according to requirements of performance. 
Diameter — according to requirements of performance. 
Direction of Rotation (as view from pilot's 
seat) Clockwise 

Details 
Dual Control. 
Standard Equipment — Tachometer, oil gauge, gasoline gauge. 

Maximum Range 
A', economic speed, about 325 miles. 
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The 400 h.p. Liberty motored Gallaudet D-4 light bomber seaplar 



The Gallaudet D-4 Light Bomber Seaplane 



The Gallaudet D-4 Light B amber Seaplane uses a 
single 400 h.p. Liberty " Twelve " engine. 

Several refinements in detail have been incorporated 
in the new design, and it is probable that the Gallaudet 
is now the fastest seaplane ever built. Its manoaiver- 
ability is exceptionally flexible, in spite of difficulties 
usually encountered in seaplane design. 

On December 13th a series of tests of the D-l Sea- 
plane were carried out during a two-hour run over Narra- 
gonsett Bay by the U. S. Navy. The tests show the ma- 
chine to be capable of cruising at 78 miles an hour, while 
the engine turned at 1360 r.p.m. At this speed the fuel 
consumption was 16 gallons per hour, and the cruising 
radius 7.19 hours, in which time a distance of 561 miles 
could be covered. 

General Specifications 

Span, upper plane 46 ft. 6 in. 

Chord, both planes T ft in. 

Gap hetween planes 7 ft. in. 

Total wing area 612 sq. ft. 

Weight, machine empty 3^00 lbs. 

Weight of useful load 1,600 lbs. 

Weight, fully loaded 3,400 lbs. 



Maximum speed 1 i?fi m.p.h. 

Slowest landing 43.6 m.p.h. 

Slowest getaway  46.0 m.p.h. 

Climb In two minutes 3,100 ft. 

Flying radius at full power 3 hours 

The useful load is made up of the following: 

Water 1 13 Jbs. 

Pilot and olwerver 330 lbs. 

Fuel and oil 630 lbs. 

Ordnance 95 lbs. 

Bombs 390 Ihs. 

Total 1600 lbs. 

The fuselage is of streamline form, with a circular sec- 
tion bullet nose. Steel tubing is employed in the frame- 

At the forward end the gunner's cockpit is located. A 
flexible scarfed ring for mounting twin Lewis machine- 
guns is placed around the cockpit. A very wide arc of 
fire is provided for the gunner, and an unobstructed view 
is obtained by both pilot and gunner. 

The engine is located aft of the pilot, between the up- 
per and lower planes. It drives a ring surrounding the 



The Gallaudet D-4 leaving the 
water for a Right. Note the 
sweepback of the wings 
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GAI.LAUDET D-* BOMBER 
The Gailaudet Bomber has a Lib- 
erty Engine of 400 fa.p. driving a 
four-bladed pusher propeller. The 
machine Is a two-seater with pilot and 
observer placed well forward. Fuse- 
lage finely streamlined and the plac- 
ing of the tower wings below the 
fuselage brings the center of thrust in 
a very desirable location. A maxi- 
mum speed of 136 m.p.h. and a climb 
of 2,100 feet in 2 minutes was re- 
corded in an official test flight 



fuselage, to which the four-bladed propeller is attached. 

This construction is unique in that it permits the ad- 
vantages of au enclosed fuselage usually employed in 
tractor machines, while the screw is placed in pusher 
position, permitting an advantageous placing of occupants 
and engine. 

Planes are flat in span and similar in plan, but ailerons 
are placed on the upper plane only. Planes have a mod- 
erate stagger and a pronounced sweepback. 

The center section of the upper plane contains a 38 
gallon fuel tank with a supply pipe running straight down 
to the engine below it. 

A 7 5 -gallon fuel tank is placed in the main float at the 
center of gravity. The fuel system employs twin wind- 
mill pumps with overflow return. 

Two radiators are located in the center section at either 
side of the gravity fuel tank. They are set into and con- 
form in outline to the wing section. 

Central pontoon or main float is built up of mahogany. 
It has 16 water-tight bulkheads or compartments. The 
two wing tip floats each have five compartments. 




The Gailaudet D-i in flight over Xarragansett Buy 




The Curtiss R-9 Seaplane, equipped with the Curliss V-2 200 h.p. motor 



SINGLE MOTORED AEROPLANES 



Thomat-Mone 
Type — S-5 Single-seater Seaplane 

Gen ere 1 Dimensions 

Length 31 ft. 9 in. 

Spread 36 ft. 6 in. 

Height 9 ft 7 in. 

Weight and Lift Data 

Total weight loaded 1500 lbs. 

Area lifting surface (including ailerons) 240 sq. ft. 

Loading per square foot of lifting surface 6.95 lbs. 

Required horse power 105 

Weight of machine loaded per h.p H3 lbs. 

■Power Plant 

Type of engine 100-h.p. Gnome (air cooled rotary) 

Engine revolutions per minute 1950 

Furl capacity, 30 gallons, sufficient for 3 hours' flight at full 

OH capacity, 6,5 gallons, sufficient for 3>/ t hours' flight at full 

Propeller type 2 blade 

Propeller diameter 8 ft. 

Propeller revolutions per minute 1250 

Chassis 
Type Twin pontoons and tall float 



Area Control Surfaces 



The Thomas-Morse S-5 Seaplane about to make a landing. 
Motor: Gnome 100 h.p. 



Rudder ft.5 sq. ft. 

Horizontal stabilizer 16.8 sq.ft. 

Vertical stabiliser 3.5 sq. ft. 

Stick type control used. 



Performance 

High speed 95 miles per hour 

sq. ft Low speed jo miles per hour 

sq. ft. Climb in first ten minutes 6200 ft. 



Navy M~2 Baby Seaplane 



The M-2 Seaplane designed by the Navy Department 
was to have been used for submarine patrol work. It is 
the smallest seaplane ever built, and its size has gained 
for it the name of " molecule." It is easily set up and, 
occupying so little space, can be stored aboard a sub- 
marine. 

The machine is a tractor monoplane with twin floats. 
The plane has a span of 19 ft., a chord of 4 ft., and a 
total wing area of only 72 square feet. The wing section 
is a modified H.A.F. 15. Overall length of machine 13 
ft. 

The floats are 10 feet long and weigh 16 lbs. each. 
They are constructed of sheet aluminum with welded 
seams. The interior of the floats is coated with glue 



and outside is not painted but coated with oil. Experi- 
ments have proven this practice to be most efficient in 
preventing corrosion. Floats have exceptional reserve 
buoyancy; with machine at rest on the water it is im- 
possible to overturn machine by standing on the wings 
near the tips or by standing on the rear of the fuselage. 

The engine is a 3 cylinder Lawrence 60 h.p. air cooled 
engine, driving a 6 ft. 6 in. propeller with a 5 ft. pitch. 
12 gallons of gasoline and 1 gallon of oil are carried, 
sufficient for 2 hours' flight. Fully loaded with pilot and 
fuel the complete machine weighs but 500 pound*. The 
maximum speed is about 100 m.p.h., and the low speed is 
50 m.p.h. 



The Curtiss R-6 twin pontoon 
seaplane equipped with a Curtiss 
\'-2 200 h-p. motor 
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The F. B. A. flying boat. This 
type of boat was used extensively 
for over-water fighting by the al- 
lies, and has proved very satisfac- 



This boat, equipped with Gnome, Clerget or more often 
Hispano-Suiza engines, has proved to be fast and well 
suited for high-speed coastal flying. All the Allies, but 
more particularly France and Italy, largely used the FBA 
boats for over-water fighting, and much good work has 
been done with it. 



General Specifications 

Span, upper plane 47 ft. <% in. 

Span, lower plane 85 ft. 8% in. 

Chord, upper plane 6 ft. 3% in. 

Chord, lower plane A ft. 3 in. 

Gap between planes S ft. 9%j In. 

Length overall 33 ft. 3^ 9 in. 

Height overall 10ft. 8^ in. 

Net weight, machine empty 1500 lbs. 

Gross weight, machine and load 1600 lbs. 

Engine, Hispano Suiia 1 50 h.p. 

Propeller, diameter B ft. 6 In. 

Speed range 99 45 m.p.h. 

Climbing speed 3500 ft.permin. 



Main Planes 

Main planes are not staggered and have no sweepback 
nor dihedral. Ends are raked at a 13° angle. Inci- 
dence angle of upper and lower planes, 3°. 

Upper plane is in three sections ; lower plane also in 
three sections. Upper and lower center wing panels are 
7 ft. 8% in. long. Upper outer panels 19 ft. 10% in, 
long; lower outer panels 15 ft. in. 

Centers of inner interplane struts located 3 ft. 9 3/16 
in. to either side of the centerline of the aeroplane; inter- 
mediate struts centered 5 ft. 2 13/16 in. from inner struts; 
outer struts centered 6 ft. 3 iti. from intermediate struts. 
Slanting struts carrying the overhang of the upper wing 
have their upper ends centered 5 ft. 11 in. from outer 
struts. This leaves a 2 ft. 7 1/16 in. overhang at each 
wing-tip. Overhang on the lower wing, 2 ft. 7 3/16 in. 

Chord of the upper plane, 6 ft. 2% in - Front wing 
beam centered 7% in. from leading edge; beams centered 
2 ft. 117/16 in. apart. Distance from center of rear 
beam to rear of trailing edge, 2 ft. 7 9/16 in. 

Chord of the lower plane, 5 ft. S in. Beam spacing 
from the leading edge is similar to that of the upper 



The F. B. A. Flying Boat 

plane. Distance from the center of rear beam to the 



trailing edge, 1 ft. 7 7/16 in. 

Ailerons on the upper outer wing sections are 2 ft. 
7 9/16 in. wide and 8 ft. 4 15/16 in. in span. 

For propeller clearance the upper plane is cut away 
for 9 ft. f0% in. ; from the lower plane a portion 4 ft 
$1/2 in. wide is cut away. 



Hull 

Overall length of the hull, 30 ft. 2 1/16 in.; 
width, at rear of cockpit, 4 ft. 3 3/16 in. The planing 
step on the bottom of the hull occurs 10 ft. 6% in. from 
the nose. The nose extends 8 ft. 6% in. forward of the 
leading edge of the wings. Bracing cables run from the 
nose to the tops of forward intermediate interplane struts. 

Provisions are made for carrying a pilot and passenger 
seated side-by-side in the rear cockpit, and a passenger 
or gunner in a cockpit forward in the hull. 

Wing-tip floats are placed directly below the outer in- 
terplane wing struts. 



Empennage 

The empannage or tail group is supported by a set of 
struts from the upturned termination of the hull. The 
horizontal stabilizer is set at a slight positive angle. It 
is semi-oval in outline, its front edge located 9 ft. 1 1 3/16 
in. from the trailing edge of the main planes. From front 
edge to trailing edge it measures 5 ft. 2 13/16 in. 

The elevator or tail flap consists of a single hinged 
surface 3 ft. 11 7/16 in. wide and 8 ft. 10% in. in span. 
It is actuated by two pairs of small diameter tubular steel 
pylons at either side of the rudder. 

The rudder, of the balanced type, is mounted above 
yie tail on a pivot situated 1 ft. 1 ',4 in. forward of the 
tail flap. It extends 10 9/16 in. forward of the pivot and 
3 ft. 117/16 in. aft of the pivot. This brings the rear 
edge of the rudder 6 9/16 in. beyond the tail flap trailing 
edge. 

Four bracing wires run from the top of the rudder pivot 
to points where the tail is supported from the hull. Con- 
trol wires to the rudder and tail flap run into the hull 
through a single control wire outlet in the deck. 
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The Italian Savoia Verdwio 168 h.]>. 
Reconnaissance fifing boat 



The Italian Macchl Flying Boat. The 
total surfaces are supported upon struts 
and braces. 
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The Georges lAvy Type R Flying Boat, equipped with a 280 h.p. Renault Engine. Span, upper plane, 18.5 meters; lower, 
12 meters; total length, 12.4 m.; overall height, 3.85 m.; lifting surface, 68 sq. meters; stagger, 138 mm. J; weight empty, 1450 
kg.; useful load, 1000 kg.; speed, 145 km. per hour. 
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Method of folding the wings of the Georges Levy Type R flying boat 



The Georges L#vy two-seater flying boat " Alert," with a Hispano-Suisa engine. This is a lighter boat than the Type R. 
Both types have the folding wing feature. 





AUSTRIAN AGO TYPE 

210 HP. 

SEA PUBSUIT BIPLANE. 



, 



Scale of Meiers 



II I I I ZE 



=F 



I 



McUughlft 



247 



248 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 



Austrian Ago 

In its general lines this machine does not differ much 
from all the flying boats of the Ago type. It does offer, 
however, features that are original and worthy of men- 
tion. Most striking is the structure of the wing cell in 
which no wires are employed. 

The wing cell may be considered as consisting of two 
cross-networks, each made up of t front spar and a rear 
spar and of adjacent struts in inclined planes connect- 
ing the spars, all converging toward the center of the 
" star " located midway between upper and lower wings. 
The struts are of polished steel tubing with a fairing of 
laminated wood less than one mm. thick, providing a good 
streamlining effect. 

General Dimensions 

Span, upper plane 8.00 meters 

Span, lower plane 7 .38 meters 

Chord, both planes 1.50 meters 

Gap between planes 1.65 meters 

Length overall 7.62 meters 

Length of bull 6.50 meters 

Maximum width of hull 1.00 meter 

Motor, Warschalowgkl 218 h.p. 

Propeller, diameter 2.72 meters 

No lists of weights or performances are obtainable. 

Control cables to the ailerons pass close to the struts 
of the turret and lead to the upper plane. Each aileron 
is about 1.40 meters long and .40 meters wide. 

The construction solution of the hull, the great care 
with which the exposed parts have been shaped, the com- 
plete covering of the cables and control wires, and the 
streamline shape of the hull, all show a desire to cut down 
head resistances as much as possible. Similar care is 
shown in all details of construction to reduce to a mini- 
mum the weight of the machine without detriment to its 
strength. 

The hull is 6V 2 meters long; width at the step, .95 
meters; maximum width, 1 meter; distance from bow to 
step, 3.45 meters; height of step, .16 meters. The shape 
of the body with the necessary lining at the bow and 
because of a careful laying of the side and bottom plating 
approaches very much the shape of a solid body of fairly 
good streamline form. The wing floats are spaced 5 
meters a"art. They are of streamline section, with flat 
sides, attached to the planes by means of one forward 



Flying Boat 

strut and two rear struts, with cross wire bracing be- 
tween the struts. 

The empennage or tail group is 2.38 meters in span, 
sustained in front by a vertical fin of very thin laminated 
wood, by two stays and two wire cables. Control wires of 
the rudder flaps or elevators run through the fin. The 
rudder is 1.40 meters high by .80 meters wide. 

The data given out concerning the motor is as follows: 
"Motor: Hiero Flugmotor, Osterr; Ind. Werke Wars- 
chalowski, Eissler 8c Co.; A-G 6 cylinders; type HN1096. 
It develops 318 h.p. at 1400 revolutions per minute. 
Weight 314 kilograms. It is equipped with Bosch mag- 
netos and small starting magnetos. Propeller: 200 
h.p.h. Hiero 6 cylinders; diameter, 2.72 meters; pitch, 
2.23-2.40." 



Sketch showing the Austrian- A fro Sea-Pursuit Biplane ' 
in flight 
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The Lohner Flying Boat leaving for a flight. Steel tubing plays an important part in the roost ruction of this machine 



The Lohner 

This is an enlarged machine of the Lohner type, retain- 
ing the V which is typical of the Lohner aeroplanes. 
There are six steel struts on either side and, two by two, 
are connected in transverse planes with steel tubes of 
40 mm. outside diameter. The distance between two 
struts in the direction of the brace is 1.30 meters, and in 
the direction of the spar 2.17 meters. 

General Dimensions 

Span, upper plane 9.70 meters 

Span, lower plane 7.20 meters 

Chord, upper plane 2.70 meters 

Chord, lower plane 2.20 meters 

Hull, maximum length 12.S0 meters 

Homh carrying capacity 400 kg. 

Jlotor, Austro-Daimler 300 h.p. 

In form the ailerons are trapezoidal, like that of the 
Italian Lohner machines. Length of ailerons, 3.47 me- 
ters; mean width, .90 meters. 

Dimensions of the empennage or tail group: Length 



Flying Boat 

of horizontal stabilizer or tail-plane, 4.74 meters; width, 
1.27 meters. Length of tail-flaps or elevators, 4.74 me- 
ters; width, 0.87 meters. The vertical rudder differs 
from that of the old Lohner machines in that there is a 
small balancing area forward of the pivot. 

The principal dimensions of the hull are: Maximum 
width, 1.50 meters; maximum length, 12.50 meters; maxi- 
mum height, 1.30 meters; step, .85 meters. 

The body has two seats side by side and one in front, 
upon which is mounted a machine-gun arranged to be 
movable and fired in any direction. Beside the pilot, next 
to the observer, there is also a machine-gun arranged on 
a movable tube inside the casing. The outside tube is 
the only additional piece the machine contains. 

The turret is armored. No bomb-dropping devices 
have been located. There are two vertical pieces of 
wood, with a circular profile notch fastened to the floats 
under the wings. It may be that these are used to drop 
large bombs, but no discovery has been made which would 




The wing float used on the " K-301," an Austrian 3-seater flying boat of the Lohner type 
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A dose up view of a German flying 
boat, showing some new features of 
construction. Steel tubing is used 
extensively. The wing top floats are 
also of unusual design 



show how they are secured in them. Several hooks for accompanying drawing shows their general outlines. Ea 

small bombs were found. is 88 cm. wide and 181 cm. long. 

The lateral or wing-floats, instead of being hemispher- The engine, an Austro- Daimler, has 12 cylinders i 

ical in shape, have a bow with good streamlines, which ranged in a V. It is rated at S00 h.p. 
plow on the water surface like the prow of a ship. The 



CHAPTER IV 
AEROPLANE AND SEAPLANE ENGINEERING 

» 

By Commander H. C. Richardson, U. S. N. 



The problem confronting the Navy was largely deter- 
mined at the time the United States entered the war by 
the fact that the operations of the German and Austrian 
fleets had been reduced principally to minor raids from 
the fleet bases at Kiel and Pola, and the only real sea- 
going operations comprised the activity of submarines. 

The work of the seaplanes, therefore, was primarily 
reduced to that of cooperation with the fleet in reducing 
the submarine menace. This naturally led to the estab- 
lishment of coastal stations in France, Italy, England, 
Scotland and Ireland. In these operations it was possi- 
ble to operate seaplanes from shore bases in practically 
every case, and the development of work with the fleet 
became a minor consideration. 

Some of the seaplane bases, however, were sufficiently 
close to enemy territory to be within raiding distance of 
enemy planes of both land and water types, and it became 
necessary for the Navy to extend its activities to the use 
of land planes for the protection of seaplane bases, while 
naval aviators also participated in big bombing raids on 
German and Austrian territory. 

I refer to these matters in this general way, not to de- 
scribe the activities, but to show that in naval work both 
land and water planes were used, and why the Navy prob- 
lem was in general restricted to operation from shore 
bases rather than operation from ships. .Activities, how- 
ever, were not confined to shore bases in Europe. Sta- 
tions were established on the Atlantic coast, principally 
for the purpose of submarine patrol and for convoy work 
from the principal ports from which our troops and sup- 
plies were sent abroad. 

Types of Planes Developed 

The work of seaplanes abroad was that of submarine 
patrol and convoy work, and this having been determined 
on, all efforts were made to obtain the most suitable 
seaplanes for the service. The principal work was done 
with two types of seaplanes, namely, the HS-2 — the sin- 
gle-motored plane developed from the HS-1 — and the 
H-16, a copy of the English seaplane of the same type 
developed as a result of Commander Porte's experience 
with the original America and subsequent types devel- 
oped therefrom. Finally, the F-5-L type was developed 
from English designs for manufacture in this country by 
the Naval Aircraft Factory at Philadelphia. The HS-2 
and the H-16 have proved well suited to the work re- 
quired, but the F-5-L did not enter production early 
enough to get into active service before the armistice was 
declared. 

The Navy did not attempt to develop land plane types, 
but accepted and used those which had been developed 



and produced for the Army, adopting for this purpose 
the English Hahdley-Page, the Italian Caproni, and the 
Army DH-4 and DH-9. 

In order that pilots should be trained for this service, 
it was necessary to adopt training planes, and for this 
purpose the Navy developed and used the Curtiss N-9, 
the R-6 and the R-9, the Aeromarine and Boeing sea- 
planes, - and the F-boat, and also experimented with a 
number of miscellaneous types, such as the Gnome scouts 
— both biplane and triplane of Curtiss and Thomas man- 
ufacture — and the Gallaudet D-5. The most successful 
of these training planes was the N-9, particularly after 
the original float had been modified and later on after 
the substitution of the Hispano 130-h.p. engine for the 
OXX 100-h.p. engine. This plane was a biplane tractor 
with a single center float, having wing tip balancing floats. 
It was remarkably strong and could perform practically 
all sorts of maneuvers. Although in training work it was 
frequently wrecked, there were remarkably few deaths 
resulting. This I attribute to its moderate speed, great 
strength of construction and tractor arrangement, which 
made it suitable for training purposes. 

As soon as it was determined that seaplanes of the 
flying-boat type were to be used in service it became nec- 
essary to provide preliminary training in a type of sea- 
plane which more nearly represented the conditions of 
operation of the big boats. For this purpose the F-boat 
originally developed by Curtiss for sporting and for naval 
use was modified and adapted to instruction purposes. 

I shall later on describe and illustrate the principal 
types referred to. 

So far as the aerodynamical and mechanical features 
of construction are concerned, seaplanes differ very little 
from airplanes, the principal difference being the use of 
the landing gear suited to operation from the surface 
of the water instead of from the land. The proportions 
are, naturally, somewhat different, and the performance 
is different, primarily, because of the great inertia due 
to the increased weight involved in the seaplane construc- 
tion. But bearing this in mind, the details of construc- 
tion of seaplanes are substantially the same as those used 
in airplanes. 

Factors Affecting Performance 

It will now be of interest to consider the principal 
factors which affect performance, as it is necessary to 
understand these completely to develop a design which 
shall perform according to the requirements of the service 
intended. For the purpose of illustrating the factors 
involved I have prepared a set of performance curves, 
which I believe will give a clear insight into this phase 
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of the problem. The complete calculation of the curves 
shown is given in the Appendix, together with the formu- 
las involved in the computations. 

The performance in power flight is determined by the 
horsepower required and the horsepower available, and, 
of course, the latter must always exceed the former or 
power flight is not attainable. 

In determining the power required there are two prin- 
cipal factors involved. The first factor is that of the 
horsepower required to propel the planes with their load 
in flight. This horsepower I term the plane's e.h.p. To 
determine it, it is necessary to know the form and dis- 
position of the wing surfaces used, as well as the aero- 
dynamic characteristics of the wing section employed. 
The lifting power of the wing depends. on the area and 
the square of the speed of advance, and its resistance 
is also in proportion to the area and the square of the 
speed of advance, the speed of advance being the speed 
relative to the air itself and not the speed over the 
ground. 

The lift of an airplane surface and its resistance to 
advance are determined by the lift and drift factors, 
which vary with the type of section used and also with 
the angle of attack at which the surface is presented 
to the relative stream of air. It has been found by ex- 
periment that these factors are influenced by the propor- 
tion and arrangement of the surfaces, the best results 
being attained with what is known as the monoplane 
surface. 

Performance is improved by increasing the dimension 
of the wings in the lateral sense, over that of the fore- 
and-aft dimension. The ratio of these two dimensions 
is called the aspect ratio. As the aspect ratio is in- 
creased, it is found that the efficiency is improved indefi- 
nitely. But after an aspect ratio of 8 or 10 is attained 
the improvement in efficiency becomes less and less, and, 
practically, is not worth going after, because the dimen- 
sions become unwieldy and the gain in lifting power and 
efficiency may be more than wiped out, due to the in- 
creased weight and resistance of the structure required 
in employing it. It is largely on account of this diffi- 
culty that the biplane and the triplane have been used 
where large lifting power is required, even though in 
the latter cases the efficiency of the surfaces is reduced 
because of interference of the air flow, which is found to 
depend upon the gap ratio. By this is meant the ratio of 
the distance between superposed planes to the chord 
length, or fore-and-aft dimension of the wings. 

Where the leading edge of the upper plane is forward 
of the leading edge of the lower plane the efficiency is 
improved over that where one plane is immediately above 
the other, and conversely. This arrangement is referred 
to as stagger and the condition of positive stagger, that 
is, with the upper wing forward of the lower wing, is 
generally adopted with the view of improving efficiency. 
There are limits to its usefulness because of the obliquity 
of the trussing involved. 

Stagger may be adopted for various reasons, such as 
correcting the balance of an airplane in which the actual 
location of the center of gravity does not conform to that 
originally contemplated, or in order to improve the view 
of the pilot or observer, particularly if the latter is also 
a gunner. 



The efficiency is improved if the upper plane has a 
greater lateral dimension than the lower plane. This dis- 
position is known as overhang. There are limits to the 
extent to which this can be employed, on account of the 
structural difficulties involved. 

In the normal type of construction, the front and rear 
edges of the wings are parallel, although it is found that 
tapering the wings to a smaller fore-and-aft dimension 
at the wing tip improves efficiency. This arrangement is 
not satisfactory from a manufacturing point of view, as 
it involves different sized ribs at every station in the 
wings. All the above considerations have to be taken 
into account in determining the form and proportion of 
the wing surfaces. 

Another factor is very important, that is the travel 
of the center of pressure on the wing surfaces. It is 
found that where wings have a cambered surface — which 
is usual in airplane construction because of the superior 
lifting power — the movement of the center of pressure 
is such as to cause longitudinal instability. Various 
devices have to be employed to overcome this. The most 
satisfactory and usual method is to employ an auxilliary 
surface at the tail of the airplane called the horizontal 
stabilizer, and the best conditions for stability are found 
when this rear surface has a smaller angle of attack 
than the wing surfaces themselves. 

This difference of angle between the wings and the 
horizontal stabilizer is termed " longitudinal dihedral." 
The stiffness or steadiness of an airplane in flight de- 
pends on the area, proportion, section and angle of the 
rear surface. Where great stiffness is desired, this rear 
surface may even assume the proportions of a second set 
of lifting surfaces which may be of monoplane or biplane 
arrangement, usually of smaller dimensions than the main 
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planes. Where the rear surfaces are increased to nearly 
the proportions of the forward surfaces, the tandem 
biplane arrangement is approached. 

For military purposes and for combating rough air 
conditions it is found desirable to have initial longitudi- 
nal stability, but it is undesirable to have this in a high 
degree on a military plane in which steadiness may be 
essential to the proper operation of a gun or of a bomb- 
dropping device. If the rear surface were completely 
fixed in relation to the forward surface it would be possi- 
ble to % proceed in horizontal flight at one definite speed 
only for the load carried, and ascending or descending 
could be accomplished only by increasing or decreasing 
the power, or by decreasing or increasing the load. These 
methods of control are not sufficiently accurate or active, 
. and it is much more satisfactory to use additional sur- 
faces, known as elevators, appended to the rear margin of 
the horizontal stabilizer, which by modifying the action 
of the stabilizer make it possible to proceed in horizontal 
flight at any speed from the minimum to the maximum 
flying speed, or to cause the plane to rise or descend. In 
some airplanes, in order to get the maximum of maneu- 
vering ability, the horizontal stabilizer is reduced to a 
very small area; or, even, in some cases, is completely 
dispensed with, all being merged in the elevator. 

In the original Wright machine lateral balance was 
maintained by warping the wings, but this method is 
unfavorable to strength in large structures, and the use 
of ailerons for this purpose has now become general. 

In flight, airplanes are not always operated so that 
the trajectory conforms to the axis of the airplane, par- 
ticularly when turning or when encountering side gusts, 
etc. As a consequence, unless what is known as the keel 
surface of the airplane is distributed equally above and 
below the center of gravity, there is a tendency for the 
airplane to roll one way or the other, depending upon the 
location of the center of gravity relative to the center of 
lateral pressure. To compensate for this effect, or to 
provide lateral stiffness under such conditions, it is usual 
to provide a moderate amount of what is known as lateral 
dihedral; that is, the wing tips are higher than the center 
portion of the wings; or else skid fins are placed imme- 
diately under or above the upper wings. These in gen- 
eral have the same effect as lateral dihedral. By modify- 
ing this arrangement the amount of lateral stability 
can be controlled to any desired degree. Again for mili- 
tary purposes it is desirable to have initial lateral sta- 
bility, but not to such a degree as to interfere with con- 
trollability of lateral balance. 

Directional stability is also affected by the location of 
the center of side pressure, depending upon its location 
fore-and-aft of the center of gravity. It is essential for 
steady flight that the center of lateral pressure at small 
angles of skew should not pass forward of the center 
of gravity. To accomplish this it is usually necessary to 
install a vertical stabilizer at the tail of the airplane. It 
is again desirable to have initial directional stability. 
And again, in a military plane, it is undesirable to have 
this to such a degree as to interfere with control of 
direction. As the airplane is symmetrical relative to the 
vertical fore-and-aft plane, it is unnecessary to provide 
any equivalent of the dihedral effect, and it is only neces- 
sary to append a rudder to the vertical stabilizer in order 
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to control direction. In some planes, where extreme ma- 
neuverability is desired, the rudder itself, in its neutral 
position, performs the functions of a vertical stabilizer 
as well as that of a rudder, and no vertical fixed surface 
is used. 

Location of Powerplant and Crew 

Having given due consideration to the influence of the 
proportion, arrangement and disposition of the main sup- 
porting and control surfaces, it is next necessary to con- 
sider the service intended and the location of the power- 
plant and the crew. The possible arrangements are al- 
most infinite, but in general it is desirable to locate the 
pilot centrally where he will have a proper view to enable 
him to handle the airplane to the greatest advantage, and 
this is particularly necessary in the combat plane. It is 
also essential that the gunner shall have as large and 
unobstructed a view as practicable, and that with the gun 
positions selected he shall be able to cover his arc of 
fire and as much of the surrounding sphere as is prac- 
ticable, in order that there shall be no dead spots from 
which the enemy may approach without his being able 
to return the fire. This sometimes requires that the pilot 
himself shall be able to operate guns firing dead-ahead, 
or that additional gunners shall be placed so that they 
can cover arcs of fire not possible for the others to 
cover. 

In bombing planes and, in particular, in night bombing 
ones, this requirement is of less importance, and the 
requirement that the bomb dropper shall have a proper 
view for the operation of the bomb sights becomes of 
prime importance. 

In airplanes designed for long-distance flights or for 
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bombing, it becomes necessary to have great power avail- 
able, and this requirement has led to the adoption of mul- 
tiple unit powerplants. Two, three, and as many as five 
powerplants have been successfully used for this pur- 
pose. The multiple-engine plane has the advantage that 
in case of damage to one powerplant it is usually possible 
to continue flight with those remaining; or, if still too 
heavily loaded to accomplish this, it is possible to glide 
for a long distance and thereby select a more favorable 
landing place, and often to avoid landing on enemy terri- 
tory. 

All these and many other considerations enter into the 
disposition and arrangement of the powerplant and fuse- 
lages, and these arrangements themselves have an influ- 
ence on the performance of the wing surfaces because of 
interferences involved. 

By winging out the powerplants a more favorable load 
distribution is imposed on the airplane structure and ad- 
vantage is taken of this feature in designing the wing 
trussing. The effects of interferences and of the dispo- 
sition and proportion of the wings or bodies and auxil- 
iary surfaces are so complex that unless data are already 
available from similar designs, it is very desirable that 
the resistance and lifting power of the complete design 
should be determined from wind-tunnel tests of a model 
carefully constructed to scale in every detail. Such model 
test is usually deferred until the design has approached 
some definite form after preliminary estimates have shown 
that it is capable of approaching the performance desired. 

Form and Proportion of Wings 

In preliminary estimates the influence of the form and 
proportion of the wings is carefully estimated, and from 
these estimates a fairly accurate approximation of the 
horsepower required for the planes is derived. To arrive 
at the total horsepower required, it is next necessary to 
consider the horsepower required to overcome the head 
resistance. In order to do so, it is necessary to have 
accurate knowledge of the resistance of all elements of 
the airplane structure exclusive of the wings, which are 
exposed to the action of the wind in flight. 

To reduce the resistance of these elements to a mini- 
mum, streamline forms are adopted wherever practicable, 
and even the truss wiring is made up of streamline form; 
or, if this is not found practicable these wires are cov- 
ered with false streamline covers of wood or metal. It 
is found that the reduction in resistance more than com- 
pensates for the additional weight involved in applying 
these false covers. 

The resistance of the fuselages, radiators, engines, tail 
control surfaces, elevator rudder, aileron horns and all 
other elements is computed in detail, and account is 
also taken of the obliquity of these elements to the flow 
of the air. Such obliquity is found to exert an important 
influence on their action. For preliminary estimates, it 
is customary to determine the resistance of these elements 
for the position assumed by them at some speed inter- 
mediate to the low flying speed and to the high speed 
attainable with full power, and then to assume that the 
resistance of these elements is proportional to the square 
of the speed for speeds above and below the intermediate 
speeds selected. This is most handily done by assuming 



that' the resistance of these elements is represented by a 
flat surface exposed normal to the wind, which would 
have the same resistance as the aggregate of these ele- 
ments. This supposititious surface is what is referred 
to when we speak of the " surface of equivalent head re- 
sistance." In the example which I have chosen to illus- 
trate, " the equivalent head resistance " is assumed to be 
20 sq. ft., and the horsepower required to drive this head 
resistance through the air is indicated on the curve de- 
noted head resistance horsepower. By compounding the 
ordi nates of this curve with the ordinates of the plane's 
e.h.p. curve we derive the total e.h.p. required curve. 

We have next to determine the total brake horsepower 
available in order to determine the performance of the 
airplane. To determine this curve, we must first know 
the full-throttle characteristic of the engines to be used. 
This characteristic is indicated in the example showing 
the brake horsepower available at different speeds. 

The next thing to be determined, and the one having 
a most important influence on the performance of the 
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Chart for Determining the Dimensions of Propellers 

airplane, is the propeller characteristic. To date the 
progress in propeller design has been far from satis- 
factory, and although good results have been obtained, 
the best results possible have seldom been approached. In 
the selection of the propeller, one of the first considera- 
tions is to determine what feature of performance is 
most important, for it is necessary to select the proper 
dimensions with a view to gaining the best results for 
the service intended. For instance, if high speed is of 
greatest importance, the propeller to be selected will differ 
materially from that which would be required if great 
climbing power is desired, because the greatest climbing 
power will be attained at a speed much lower than the 
maximum rate. Or, it may be a question of selecting 
a propeller which will give the greatest efficiency at cruis- 
ing speed, and this propeller will usually differ from that 
selected in either of the preceding cases. In some cases 
it may be desirable to select a propeller which will give 
the best all-round performance rather than for a par- 
ticular condition. 

In seaplane work a problem arises which is not found 
in the land airplanes. This problem is that of obtaining 
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the greatest reserve of power to overcome the resistance 
of the float system, because it is desirable to have the 
greatest possible reserve to accelerate rapidly on the 
water, so that the get away may be made in rough water 
with the greatest possible rapidity, thereby reducing the 
punishment which the seaplane suffers under such con- 
ditions. For a heavily loaded seaplane this consideration 
may be of vital importance. 

Efficiency of the Propeller 

It must be understood that the efficiency of an airplane 
propeller is absolutely dependent upon its speed of ad- 
vance through the air, as is also the power which the 
propeller absorbs in flight, the result being that even 
though the full throttle is used the engine cannot make 
its full revolutions until a good flying speed is attained, 
with the consequence that full power of the motor cannot 
be realized until flying speed is attained. 

The efficiency of a propeller is dependent upon a func- 
tion of the velocity and the number of revolutions and 
the diameter of the propeller represented by the frac- 
tion The efficiency, the torque and the thrust, the 

M> 
horsepower absorbed and the horsepower delivered are 
functions of this quantity, in which velocity, the number 
of revolutions and the diameter must be expressed in 
the same units. 

The influence of this factor is indicated on the pro- 
peller efficiency curve based on the values of the fraction 

When this fraction equals 0.2 the efficiency of the 

XD 

propeller indicated in the example is only 37.5 per cent. 
The maximum efficiency is attained when the value of 
this fraction is 0.59, the maximum efficiency indicated 
in this case being 78.2 per cent. 

In the example chosen I have used a Durand propeller 
No. 8, the characteristics of which have been determined 
by wind-tunnel tests, as reported in report No. 14 of the 
proceedings of the National Advisory Committee for 
Aeronautics — 1914. 

To derive the dimensions for this propeller I have 
assumed that it is desired to attain the best results at 80 
miles per hr. with a Liberty engine operating at 1600 
r.p.m. and developing 380 b.h.p., as shown by the motor 
characteristic. In Professor Du rand's report he has 
adopted Eiffel's logarithmetic chart, and I shall now indi- 
cate how the diameter of the propeller is determined. 

On the chart at a speed of 80 miles per hr. erect 
an ordinate equal to 380 h.p. taken from the scale 
on the left side of the chart. From the top of this 
ordinate next draw an oblique line parallel to the line 
indicating the speed, and draw this line of such a length 
and in such a direction as to represent 1600 r.p.m. on the 
scale starting with the origin at 1200 r.p.m. From 
the extremity of this line next draw a line parallel to the 
line giving the diameter scale, and taking the distance 
from this point to its intersection with the propeller 
characteristic for the propeller No. 8 we find that this 
line intersects at the point O. Transferring the length 
of this line to the diameter scale and measuring in the 
direction in which it is necessary to draw this line to 
make it intersect with the propeller's characteristic, we 



find that the proper diameter to use is 0.4 ft., indicating 
an efficiency of 69 per cent. By the use of this ingenious 
chart it is possible to select a proper diameter for a 
given set of conditions by a simple graphical solution. 

The diameter now being determined, it is next neces- 
sary to determine the performance of the combined 
engine and propeller, and this is done as follows: On a 
transparent sheet of paper or tracing cloth a base 
line is drawn and, from any convenient point on this 
line, another is now drawn parallel to the scale of pro- 
peller diameters and a distance is laid off representing 
the diameter of the propeller on that scale. From the 
extremity of this line a new line is drawn parallel to the 



Chart for Determining the Performance of a Liberty Engine 
and a Durand Xo. 8 Propeller 

scale of revolutions per minute, and on this line is indi- 
cated the revolutions per minute of the powerplant, 
using the scale of r.p.m. for this purpose. From each 
point representing the different revolutions vertical or- 
dinates are now drawn, representing, according to the 
horsepower scale, the brake horsepower developed by the 
engine at these revolutions, and through the points so 
determined a motor b.h.p. curve is drawn. 

Next place this diagram on top of the logarithmetic 
diagram of the propeller, placing the origin on the base 
line A on the base line of the logarithmetic diagram 
with the point A at the speed at which it is desired to 
determine the brake horsepower available. The pro- 
peller efficiency, and from the latter the e.h.p. available, 
can now be determined. 

This construction is based on the fact that the horse- 
power absorbed by the propeller and the horsepower 
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delivered by the engine must agree. Thus, for example, 
placing the point A at a speed of SO miles per hr. it is 
found that the brake horsepower curve of the diagram 
intersects the propeller characteristic and the engine 
characteristic at a point B, indicating that the engine 
will make 1500 r.p.m. and develop 355 b.h.p. at this speed 

of advance. 

By drawing a vertical line through this point of inter- 
section of the two curves to the dotted characteristic of 
the same propeller, the e.h.p. developed by the propeller 
may be determined. This can also be determined by 
measuring the distance on the vertical line between the 
full line and dotted line representing the propeller char- 
acteristics. By transferring the length of this line to 
the scale for efficiency, the propeller efficiency can be 
determined. 

In this manner the brake horsepower available and the 
e.h.p. available have been determined and are shown on 
the horsepower curves on page 3. It will be seen that at 
30 miles per hr. the engine can only turn the propeller at 
1500 r.p.m., developing 555 b.h.p. Also, that at this 
speed the efficiency is only 35 per cent and only 12-1 e.h.p. 
is available, although the engine is developing 355 b.h.p. 

Determining Plane Performance 

Having now determined the e.h.p. available, we are 
ready to determine the performance of the aeroplane. It 
will be noted that the lowest speed indicated in power 
flight is 58.5 miles per hr. Thus these two points of per- 
formance are determined. 

The climbing power of the aeroplane with full power 
is determined by taking the difference of e.h.p. required 
and e.h.p. available at the particular speed at which the 
airplane is flown in the climb. This difference is greatest 
at the speed of 73 miles per hr. The climb is determined 
from the reserve e.h.p. available, which in this case is 
76. Multiplying this e.h.p. by 33,000 and dividing by the 
weight of the airplane, assumed in the example to be 
6500 lb., it is found that the initial climb should be 386 
ft. per min. 

Further inspection of the curves shows that the mini- 
mum horsepower is required at a speed of 62 miles per 
hr. It is at this speed that the airplanes should be 
flown to get the greatest endurance. If, however, it is 
desired to get the greatest range, the most favorable 
speed will be indicated by drawing a tangent from the 
origin to the e.h.p. required curve, as at this point the 
most favorable ratio is attained between velocitv and 
horsepower required. 

In the example this speed is found to be higher than 
the speed for minimum power and is about 73 miles per 
hr. It will br. noted that the tangent to the curve sub- 
stantially conforms to the curve over the range of speed 
from 70 to 76 miles per hr. If the endeavor is being 
made to cover the greatest possible distance, it would 
be desirable to select the higher of these two speeds, for 
the reason that at the higher speed the controls would be 
more effective; the flight would be steadier and would be 
accomplished in a shorter time. 

As the aeroplane proceeds its weight will be reduced 
because of the consumption of fuel, and with a plane 
of heavy carrying capacity this reduction of fuel at the 



end of a long flight will appreciably reduce the load and 
thereby decrease the horsepower required for flight. 

In the example chosen, I have indicated the horsepower 
required when all the fuel is used up, assuming a weight 
at this time of 4500 lb. In this condition the most 
efficient speed will again be indicated by a tangent to 
the origin, and in the example this speed is appreciably 
lower than that indicated for the full load condition, 
being anywhere from 55 to 60 miles per hr. At inter- 
mediate stages intermediate speeds will be found the 
best for the greatest range. This, therefore, indicates 
that in planning a long-distance flight due account should 
be given to this effect, as the radius of flight will be ap- 
preciably increased if proper account is taken of the in- 
fluence of change in weight. To be exact, the tangent 
should not be drawn to the e.h.p. required curve, but to 
a set of curves which can be derived from these curves 
indicating the fuel consumption at different speeds and 
at different loads. The determination of the fuel con- 
sumption curves is a simple matter, but it would take 
more time and space than I consider it desirable to give 
in this paper. I can state, however, that the favorable 
speeds for long-distance cruising are not appreciably 
affected by using these fuel consumption curves in pref- 
erence to the e.h.p. required curves. 

The computations made in deriving the curves shown 
have been based on the Liberty engine, using straight 
drive. If it were possible to have available the same 
power with the geared-down propeller, it would be pos- 
sible to greatly improve the propeller efficiency and 
thereby to improve the performance of the airplane indi- 
cated in the example. It is unfortunate that the geared- 
down engine is not available for general use, as the per- 
formance of practically every plane I know of using 
this engine in our country would be materially improved 

V 

by its use. An inspection of the efficiency plot will 

make this clear. I also consider it unfortunate that 
in the development of the geared-down Liberty engines 
which have been produced, advantage has not been taken 
of the possibility of locating the propeller more centrally 
in relation to the engine group, because of the advantages 
which would be gained in streamlining. This engine is 
extremely awkward to streamline in its present form. 

Design of Seaplane Floats 

I will now proceed to the consideration of some of 
the elements of design of seaplane floats. The require- 
ments of seaplane floats, because of the nature of their 
use, are necessarily conflicting, and the best that can be 
done is to make a compromise, bearing these in mind. 

The first requirement of a float is that it shall be sea- 
worthy. This requires that the form shall be properly 
proportioned to provide good initial stability and a 
reserve of buoyancy. This is necessary to obtain a re- 
serve of stability, as the seaplane must float without 
capsizing in a sea-way and in strong winds. This re- 
quirement in itself conflicts with airworthiness and 
lightness and with the adoption of the best streamline 
form, which otherwise would be, in general, a form sim- 
ilar to a dirigible. It must be strong, but this naturally 
conflicts with lightness. It must also have good plan- 
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ing qualities, and this requirement conflicts with stream- 
line form. Airworthiness requires that it should have 
the minimum resistance and interfere in the least pos- 
sible degree with the other characteristics of the seaplane. 

In order to develop the best form of hull, the Navy 
Department began experiments at the Washington model 
basin late in 1911. These experiments were initiated by 
Capt. W. I. Chambers, U. S. N., with a view to the 
use of hydroplane Hades, such as had been used by 
Forlanini, and to improving the planing qualities of the 
then existing types of floats. At that time the most suc- 
cessful float was that constructed by Glenn H. Curtiss, 
having a simple box section and a sled- form profile. At 
the same time Burgess had developed twin floats having 
a single step, which had also proved successful. 

One of the earliest experiments at the model basin was 
an attempt to reduce the wetted surface to a minimum by 
the use of a semi-circular section in the form of a half- 
cylinder whose ends were pointed like a projectile to 
reduce the air and water resistance. It was fortunate 
that this model was tried among the first, for its trials 
at once showed up a factor which later was discovered 
to be of the greatest importance, this factor being suction, 
due to downward curved surfaces when exposed to the 
contact of water at high speeds. It was at once realized 
that in the test of the floats due allowance should be 
made to represent the change in load carried by the float 
as the speed of the seaplane increased and the lift of 
the wings became an important factor, and all runs at 
the model basin had been made taking account of this and 
determining for each particular speed the " corresponding 
displacement " of the float. This was originally done by 
counterweighting the float so that the weight resting on 
the water represented that which would be the case tak- 
ing into account the auxiliary lifting power of the wings. 
In the latest form of apparatus for testing at the basin 
this compensation is automatically made by the use of 
an inclined vane submerged in the model basin, which, 
by means of a system of pulleys, exerts a lifting power 
which is proportional to the lifting power of the wings 
at the speed at which the test is run. 

In the tests with the semi-cylindrical model above re- 
ferred to, it was found, as anticipated, that the resistance 
at low and moderate speeds was less than that experi- 
enced with other models, but as one-half of the speed for 
the get away was approached, and therefore the float car- 
ried only three-quarters of the original load, it was found 
that the resistance of this model instead of decreasing, 
increased; and that the model, instead of planing, as 
was expected, settled into the water and, finally, at the 
get-away speed, with no weight being carried by the float 
but the float just in contact with the water, the influence 
of suction was so great that this model, instead of skim- 
ming the surface, proceeded to envelope itself in water 
and was drawn down so sharply by suction that its deck 
was flush with the surface of the water in the tank and 
great sheets of spray were lifted clear of the surface 
of the model basin. 

As the work progressed the models of every known 
successful type of float were tried in the model basin, 
and data were collected as to the performance of these 
models. At the same time many experimental models 



were tried, and when these showed improvement over 
existing types, full-sized floats were constructed and tried 
out in actual flight. From these trials it was found that 
the conditions indicated in the model basin were duplicated 
in practice with full size, and it was seen that the model 
basin tests formed a means of predicting the performance 
of full-sized floats. 

The steps of the Burgess floats were ventilated, and 
an investigation of this feature showed the value of ven- 
tilation for the step-type floats then in use. 

All sorts of bow forms were tried and were shown to 
have very little influence on performance. The use of 
one, two, three and four steps was tried, and the indica- 
tions were that there was little, if any, advantage to be 
gained by the use of more than two. 

The introduction of the V-bottom showed promise of 
improvement, but it was early found that a V-btottom 
at the bow was invariably associated with large quanti- 
ties of spray which would flow over the planes, and also, 
a cross-wind would make the navigation of the seaplanes 
very uncomfortable. It was found by making the lines 
hollow at the bow that this spray could be held down close 
to the water, and in some later designs this hollowness 
was also introduced at the step, apparently with bene- 
ficial results. After much experimenting it finally be- 
came apparent that the best form of hull was that em- 
bodying the single ventilated step, in which the after 
bottom rose at an angle of approximately 8 deg. to the 
bottom just forward of the step. The reasons for this 
are about as follows : With this type of float sufficient buoy- 
ancy can be provided abaft the step to eliminate the neces- 
sity of tail floats for stability. It was also found that by 
ventilating the step the water flowing under the forward 
bottom flowed over the step in the form of an inverted 
waterfall and that the contact of this inverted .stream moved 
further aft as the speed increased and generally passed 
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clear of the tail of the float just before planing was at- 
tained. At this point maximum resistance was encount- 
ered. After this point was passed the float proceeded to 
plane on the forward step, and because of the raised 
position of the tail of the float, it was then possible to vary 
the trim of the plane and change the angle of attack with- 
out again bringing the tail of the float into the water. 
Then progressively as the speed increased to flying speed 
the planing power of the portion forward of the step in- 
creased rapidly and the amount of wetted surface exposed 
to the action of the water was rapidly reduced, and the 
resistance of the float decreased, until finally at the get 
away the water resistance of the float was eliminated. 

The best results are obtained where the bottom of the 
float just forward of the step is substantially parallel to 
the axis of the seaplane. This portion of the bottom 
should have no curvature for a distance of several feet 
forward of the step. 

Attempts were made to curve up the portion abaft the 
step with a view to producing a better streamline form 
for the hull, but this curvature was invariably found to 
produce suction, retard planing, and in many cases to 
augment the resistance of the float to such a degree as to 
require an excessive reserve of horsepower in order to 
get away. There was one case where a flying boat was 
built with very moderate curvature abaft the step, but 
on account of this curvature in the tail was unable to 
leave the water with, a single passenger. Even though it 
could get up to a speed where the step itself was clear 
of the water, the tail would still drag and could not be 
drawn out of the water. By slightly modifying the tail 
of the float so that the lines abaft the step were straight, 
this same flying boat with the same powerplant was able 
to get off the water with a pilot and passenger. 

One of the earliest floats tried at the model basin and 
built in full size was a twin float having a sharp V-bottom. 
The lines of this float conformed to the lines of a success- 
ful gunboat, and it was very pretty and clean in its action, 
but due to the influence of the curvature of the buttock 
lines at the stern, suction was present in this model and 
an airplane fitted with these floats, although able to get 
away with a pilot, was unable to get away with a pilot 
and passenger, there being insufficient reserve power to 
get over the hump. 

Until very recently it was considered that so many 
inches of beam were required for every 100 lb. of weight 
carried by the float in order to attain planing, and this 
criterion has led to the adoption of the great beam found 
in the F-5 and H-16 and HS-2 models. But experiments 
with floats suited to carry 1000 lb. each indicated that 
this model was remarkably satisfactory. The attempt 
was therefore made to enlarge this model in geometrical 
proportion to a 2000-lb. float, and the model basin results 
indicated that this could be satisfactorily done. Another 
model was made of a 2000-lb. float and behaved satis- 
factorily. This same model was expanded to a 6000-lb. 
float, which behaved even better than the original. The 
lines of the N-9 float, which has proved successful in our 
training program, were developed from the original 
1000-lb. float, although this float had less beam than the 
original full-size float which was unsuccessful. As a re- 
sult of these trials, I now consider it to be conclusively 



established that once a satisfactory float is developed for 
earrying a definite load under given conditions, the same 
design can be used for larger loads by merely expanding 
the original lines in the ratio of the cube root of the 
displacement ratios. 

In the design of the float for the NC-1 this principle 
was used and the model tested in the model basin, al- 
though only one-twelfth full size, gave data which indi- 
cated satisfactory performance. These data have been 
closely verified by the actual performance of the NC-1, 
though many designers were skeptical that this float 
could handle its load on so narrow a beam. This is no 
greater than that used in the F-5; the F-5 carries a load 
of only 13,000 as against over 22,000 lb. carried by 
the NC-1. 

Attention is now invited to a series of curves showing 
the results of model basin tests on a number of different 
models. 

Results of Model Basin Tests Compared 

The dimensions of the floats and the seaplanes they 
represented were so different that to get a comparison 
it has been necessary to plot these results on non-dimen- 
sional scales. It will therefore be noted that the dis- 
placement of the hull is plotted as a per cent of the 
total displacement based on a per cent of the get-away 
speed. The resistance of these floats is indicated by a 
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Results of tests at model basin on a number of seaplane floats. 

plot of the ratio of the displacement to the resistance; 
also, based on the per cent of the get-away speed. 

Based on the plot of model No. 2022, which is that of 
a successful H-12 boat, I have plotted the resistance and 
the horsepower required to overcome this resistance for 
the sample seaplane, the horsepower curves of which I 
have already explained, and I shall return to those plots 
in a few minutes. Before doing so, however, I wish to 
invite your attention to the plots of models Nos. 2081 -A, 
208 1-B and 208 1-C. You will note that the resistance 
of No. 2081 -A was nearly one-quarter of the displace- 
ment at 40 per cent of the get-away speed; that the 
resistance of No. 208 1-B was reduced to nearly one-fifth 
of the displacement at about 47 per cent of the get-away 
speed, and the resistance of No. 208 1-C was between one- 
fifth and one-sixth of the displacement at about 52 per 
cent of the get-away speed. Also, the displacement in 
the latter case is less than in the preceding cases. 
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This change was brought about as follows: The 
original form of float had two steps, with curvature in 
the middle step and a rank up-curvature in the rear step. 
No. 208 1-B represents this model with the rear step 
straightened, and No. 208 1-C represents this float with 
straight lines for the bottom abaft the first step. It will 
readily be seen that the first modification was an im- 
provement over the original, and the second modification 
was a still greater improvement. These models repre- 
sent the model of the NC-1, and there is no doubt in my 
mind that if the original model had been used this sea- 
plane could not have got off the water. Further, the 
influence of the curved portion at the tail of the float 
would have been so great as to cause the machine to squat 
so badly that the tail surfaces would have been caught 
in the stream of water rising from the tail of the float. 
Let us now return to the horsepower curves. It will 
be noted that the resistance of this seaplane float reaches 
a maximum at a speed of 20 miles per hr., which speed 
corresponds to a point at which planing begins, and 
there is a secondary hump at a speed of 40 miles 
perhr. The get-away speed is assumed as 62 miles per 
hr. The horsepower curve has been directly derived 
from the resistance of the float, and this horsepower must 
be compounded with that of the airplane progressing 
through the air. The horsepower required for this pur- 
pose is determined by taking the horsepower of the air- 
plane at 62 miles per hr., which in this case is 150 e.h.p., 
and noting that the horsepower for the wings and head 
resistance is proportional to the cube of the speed. We 
thus derive the curve of the total air e.h.p. required for 
the seaplane, which must be compounded with the horse- 
power required for the float, thus giving us a total 
horsepower curve for the seaplane for speeds below the 
get-away speed, that is, while still in the water. 

From an inspection of the horsepower curves, it will be 
seen that the maximum horsepower for the float is re- 
quired at a speed of about 23 miles per hr., and that this, 
compounded with the horsepower due to air resistance, 
requires 88 h.p. at this speed. 

The horsepower for planing is very little exceeded by 
the horsepower available, so that it would take a rela- 
tively long time to pass through the planing condition; 
but, after this point is passed, the seaplane should accel- 
erate rapidly because the reserve of horsepower available 
rapidly increases up to the get-away speed. 

There is a secondary hump in the horsepower curve at 
60 miles per hr. just before the get away is attained, but 
this secondary hump is of little importance as there is 
an ample reserve of horsepower at this point. 

As a matter of interest, I have investigated the im- 
provement in performance which could be expected if 
a geared-down engine were used, assuming a ratio of 0.6; 
that is, the propeller turning at 0.6 of the revolutions of 
the engine. With this gear ratio a propeller IS ft. in 
diameter is indicated. Such a propeller at a speed of 80 
miles per hr. would show an efficiency of 78 per cent as 
against 69 per cent for the 9-ft. diameter propeller. 
This gain of 4 per cent at 80 miles per hr. would increase 
the climb by more than 1 1 per cent. It would have little 
effect on the speed, as the horsepower curve is very steep 
in this region. The improvement in efficiency at 20 miles 



per hr., although only 6 per cent would mean an increase 
of 200 per cent in the reserve of horsepower to get over 
the hump in the horsepower curve at that speed. You 
will therefore see why in naval work the use of the 
geared-down propeller offers considerable advantage. 
The substitution of the geared-down Liberty for the 
straight-drive Liberty engines in the F-5 changes the top 
speed of this seaplane from 90 to 100 miles per hr. and 
makes the get away of this seaplane certain and rapid 
under all conditions, whereas the straight-drive propellers 
were only able to get this boat with great difficulty in a 
calm. 

The V-Bottom Versus the Flat 

Experiments have recently been made at the model basin 
on a series of models having different angles of V -bottom 
from the flat bottom up to a 20-deg. V, and it is found 
that from a resistance point of view there is very little 
difference in the performance of the four models tried. 
So far as any advantage is shown, the deep-angle V 
has slightly the best of the argument. From a service 
point of view the deep V-bottom has many advantages; 
among them its remarkable shock-absorbing properties 
in taking care of bad landings, or in getting away and 
landing on a rough sea. The V-bottom also permits 
landing across the wind without serious retardation and 
without danger of capsizing sideways. This type of hull 
appears to absorb the shock by penetration and reduces 
the loads imposed on the bottom planking and on the 
framing supporting this. Due to this feature there is 
no need of carrying shock absorbers between the floats 
and the rest of the plane structure, and the lightest 
possible construction can be adopted. 

In the longitudinal system of support the inner ply 
of planking is run athwartship and thereby constitutes 
a continuous system of ribs. This system is further 
reinforced by the outer planking run 45 deg. to the keel, 
which also acts as a continuous system of ribs, and these 
two systems transmit the water pressure as a distributed 
loading to the longitudinal members, which do not have 
their strength robbed by a series of notches. The lon- 
gitudinals are arranged so that they collect the dis- 
tributed load and concentrate it at points of support in 
athwartship bulkheads and these bulkheads in turn dis- 
tribute the load to the keel, to the chine stringers, and to 
the deck planking. The keel itself is usually associated 
with a center longitudinal truss. Through these mem- 
bers the load is finally distributed to struts or directly 
to the wing structure. 

On a large scale this system is adopted in the construc- 
tion of the hull of the NC-1 which, although it embodies 
other features than those necessary to support the bot- 
tom planking, weighs only 2600 lb. while it carries a 
load of 22,000 lb. This hull has demonstrated ample 
strength in landing on and getting off an 8-ft. cross sea 
in practically dead air, where the landing and get away 
were both made under the hardest conditions. 

A controversy has existed for years as to the merits 
of the single float as compared with the twin float, but, 
based on the experience of our Navy with examples of 
both types, I believe that the central float with wing tip 
balancing floats is decidedly the better arrangement. In 
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the central float system the loads can be concentrated on 
the point of support, whereas in the twin-float system 
the loads are usually concentrated in the center of the 
span and the wing structure has to be utilized to gain 
the necessary stiffness and necessarily has to be made 
heavier. In the center-float type if a single propeller is 
used it is located above the float and protected from the 
water, whereas in the twin-float type such propeller neces- 
sarily swings over the gap between the floats, which 
subjects it to punishment by spray and broken water. 
In landing a twin-float seaplane, unless both floats arrive 
at the same time, the second float invariably strikes 
harder than the first, being slammed down on the water. 



Due to the greater lateral stiffness of the twin-float sys- 
tem, when getting off rough water the seaplane is forced 
to conform in its attitude to the form of the surface 
and wracks and lurches violently sideways unless going 
directly across the crest of the sea. In maneuvering in 
the air, also, the separation of the twin floats adds con- 
siderably to the inertia about the longitudinal axis and 
makes the action of the ailerons less effective. With twin 
floats, when taxi-ing across a strong side wind the lee 
float must have at least 100 per cent reserve buoyancy 
and this leads to greater weight than is necessary with 
the single center-float providing the same stability. 



Appendix 

The tables appended give the calculations for the per- 
formance curves of a seaplane with a biplane arrange- 
ment of R. A. F. 6 wings and a head resistance of 20 
sq. ft. In these calculations the following formulas were 
usod: 



T = 



W- 
T = 
V = 

8 = 

K * = 
K..=: 






Weight in pounds 

Thrust in pounds 

Velocity in miles per hour 

Wing surface in square feet 

Drift factor for biplane arrangement 

Lift factor for biplane arrangement 



T 

1,030 
532 
474 
516 
575 
618 
684 
833 

1,160 



K y 8 
0.301 
0.595 
0.861 
1.085 
1.309 
1,512 
1.708 
1,848 
1.911 



21,600 
10,900 
7,550 
5,990 
4,960 
4,300 
3,800 
3,520 
3,400 



V 
147.0 
104.5 
87.0 
77.5 
70.5 
65.7 
61.7 
59.5 
58.5 



TV 
151,300 
55,700 
41,200 
40,000 
40,500 
40,600 
42,200 
49,500 
67,900 



EHP 

Planes 
404.0 
148.5 
110.0 
106.7 
108.0 
108.2 
112.2 
132.0 
181.0 



EIlP h = 



KJtV* , 

and is independent of the angle of attack. 
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The float EHP for an H-12 seaplane weighing 6500 lb. 
and having a get-away speed of 62 miles per hr. is given 
below for varying percentages of the get-away speed. 
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DATA ON DIFFERENT TYPES OF FLYING BOATS 

HS-2-L H-16 F5-L NC-1 

Weight, fully loaded, lb 6,432 10,900 13,000 22,000 

Useful load, lb 2,132 3,500 4,750 7,750 

Maximum speed, miles per hr. ... 91 95 87 81 * 

Minimum speed, miles per hr 55 56 57 613 

Initial climb, ft 2,500 to 3,000 in 10 min. 3,000 in 10 min. 2,025 in 10 min. 1,050* in 5 min. 

Over-all span, ft.-in 74 19/32 95 13/16 103 9 1/4 126 

Over-all length, ft.-in 38 5 15/16 46 115/32 49 3 11/16 C8 2 29/32 

Over-all height, ft.-in 14 7 1/4 17 8 5/8 18 9 1/4 24 6 

Chord, ft.-in 6 3 5/32 7 49/64 8 12 

Wing area, sq. ft 803 1,164 1,397 2,380 

Hull length, ft.-in 34 3 42 3 .... 44 7 

2 Carrying a load of 21,560 lb. 

a Carrying a load of 21,569 lb. 

4 At a speed of 67 miles per hr. with a load of 21,318 lb. 

The Discussion to a mass of air by the impact of the propeller blades. 

Capt. W. I. Chambers: — As to the most serviceable Slip, therefore, must be equal to F= V 2gh, in which V 

seaplane type at present, I can conceive of the service- is the velocity; g, gravity or 32.17 ft. per sec; h, head or 

ability of the following general outline: (1) One middle pressure. Air at sea level may be considered as weighing 

float entirely enclosed, without cockpits, machinery or 0.0762 lb. per cu. ft. or 13.123 cu. ft. of air weighs 1 lb. 

cargo capacity; (2) a short middle fuselage located above Hence a pressure of 1 lb. per sq. ft. would accelerate air 

the middle float, with engine, pusher propeller, cargo space at sea level to a velocity equal to 

and forward gun mount; (3) two wing fuselages, forming V ^ x 32.17 x 13.123 ft. p eTTee. 
supports for the tail, a la Caproni, each with engine 

tractor propeller and rear gun mounts; (4) two smaller But * is wel1 known that the rate of acceleration is di- 

wing floats for balancing purposes, not at the wing tips, rectlv proportional to the force and inversely proportional 

but located under the tractor propellers of the wing fuse- to the ma ss. Therefore acceleration will be proportional 

lages; (5) the tail planes comparatively near the main to the Pressure divided by the volume of air. The pres- 

ones and rigged so that they may be utilized, in a fixed sure of l lb - P er «!• ft - wil1 accelerate 844 cu. ft. of air 

position, to afford inherent stabilitv on long steady flights to a velocitv of l **' P er sec - or J cu - *• of aip to *** »■ 

and yet be capable of mobility in response to any demands P ep sec ' The acceleration imparted to any other number 

for quick maneuvering. While I do not suggest any of cubic feet of air ca n be expressed by the formula 

finality as to model or type of either powerplant or rig A 1 f = ^ X pressure in lb> P er ** f t 

of the planes, I do not hesitate to predict, however, Cu. ft. of air acted on 

that future modification and improvement will depend The numbep of cubic feet of air acted on per square 

more upon further improvement of the powerplant than foot of digk area of a ppopeller is equal to the distance 

on any other factor. Great improvements in this part the propeller moves forward plus the acceleration or slip 

of the aircraft are due, and each decisive step will result of the air acted Qn Therefore 

in a modification of airplane types for each specific pur- 

844 x thrust in lb. per sq. ft. of disk area 

pose. Slip = - - 

Orville Wright:— Commander Richardson's figures Advance in ft. + slip in ft. 

for the performance of propellers are based on tables de- If the propeller considered by Commander Richardson 

rived from experiments with models. The trouble with had an efficiency of 69 per cent at 80 miles per hr. it 

tables of this kind comes from the fact that it is most would have a thrust of 1220 lb. Therefore the thrust 

difficult to determine the exact value of each of the fac- would be 1 7.72 lb. per sq. ft. of disk area. In the formula 

tors which play a part in the propeller's efficiency. The for slip just given, substituting 17.72 for the thrust in 

tests are made with several variable factors, so that the lb. per sq. ft. of disk area, and 117.28 for the advance, 

measurements secured really show the result of the sum we find the slip equals 76.96 ft., a loss of 39.62 per cent, 

of these variables. The exact value of each one is not It is therefore evident that it would be impossible to se- 

determined. I am of the opinion that much closer cal- cure an efficiency of 69 per cent with any propeller of 

culations can be had from a theoretical consideration of 9.4-ft. diameter consuming 380 h.p. while advancing 80 

the reactions that must take place in a propeller. Com- miles per hr. I have made a rough calculation of the 

mander Richardson finds that a propeller 9.4 ft. in performance such a propeller should give, based upon the 

diameter, driven by a Liberty engine, turning at 1600 propeller being considered merely as airfoils traveling 

r.p.m. and developing 380 b.h.p., in traveling forward at in a spiral course. A propeller 9.4 ft. in diameter work- 

a speed of 80 miles per hr., would have an efficiency of ing under the conditions stated would have a thrust of 

69 per cent, or a loss of only 31 per cent. I believe it approximately 930 lb.; the slip would amount to 35 per 

can be shown that the loss from slip alone, without con- cent of the total amount of air the propeller traveled 

sidering any of the other losses, which also would be through, and the efficiency of the angle of advance would 

great, would be more than the amount he has found. be 80 per cent. The total efficiency would therefore be 

When the thrust is known the slip can be determined 0.65 x 0.80 or 52 per cent, 

easily, because slip is merely the acceleration imparted Commander Richardson uses a method of calculating 
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the rate of climb of an aeroplane which seems of doubt- 
ful value. He makes no allowance, so far as I can see, 
for the extra loss in efficiency of a propeller when climb- 
ing. The thrust in climbing must be approximately equal 
to the thrust when flying at the same speed on a hori- 
zontal eourse plus the total weight of the machine multi- 
plied by the sine of the angle of climb. It is apparent 
that if the machine were to climb in a vertical course the 
propeller thrust would necessarily have to be equal to the 
entire load of the machine. On an inclined course the 
propeller would have to bear a proportion of the entire 
load plus the thrust necessary to give the machine the 
desired speed. When climbing, the propeller efficiency is 
especially low in small-diameter propellers, because on ac- 
count of the extra load imposed, the slip becomes ex- 
cessive. 

Commander Richardson: — A great amount of theo- 
retical work has been done on propellers, taking it from 
all points of view, but in my opinion none of these meth- 
ods of analysis are as satisfactory as the wind-tunnel 
methods, because even the theoretical investigations re- 
quire the use of coefficients which must be developed 
from experience or practice. And I believe that when a 
propeller shows 59 per cent efficiency in a wind-tunnel 
test, where the quantities can be actually measured, that 



this is the real efficiency of the propeller in question un- 
der the conditions of the test, and no amount of mathe- 
matical or theoretical investigation will convince me to 
the contrary. The airplane horsepower required curve 
shows the horsepower required to propel the plant at any 
angle of attack, and this is relative to the air and re- 
gardless of the path of the plane. The horsepower avail- 
able depends on the characteristics of the powerplant, in- 
cluding the engine and propeller and, as I clearly dem- 
onstrated, the propeller efficiency is a function of the 
speed of advance or the quantity V/ND. The curve of 
horsepower required, therefore, shows at any particular 
speed of advance of the airplane the actual horsepower 
effectively delivered by the propeller, and the difference 
between the power required to propel the plane and the 
actual power available is available for lifting. The brake 
horsepower required of course is much greater, but in 
the computation of the horsepower available the effects 
of the reduced speed in the climb are taken care of. The 
propeller chosen for the example was selected for the 
purpose of illustration and not because it was the most 
efficient possible. Both Eiffel's and Durand's experiments 
have shown that efficiencies as high as 80 per cent are 
entirely possible. 



CHAPTER V 
NAVY DEPARTMENT AEROPLANE SPECIFICATIONS 



The general specifications of requirements issued by the 
Navy Department for use in connection with contracts, 
And the submission to it of new and undemonstrated de- 
signs of aeroplanes, are interesting as indicating broadly 
the state of the art from the standpoint of this arm of 
the Government. The specifications are comprehensive, 
and give clear evidence of ability and knowledge having 
been applied in the preparation of them. 

Although the requirements which are summarized be- 
low in large part, may be modified in the case of com- 
pleted aeroplanes available for demonstration, sufficient 
information is essential in any event to permit reasonable 
verification of claims of performance and as to strength. 

No new project will be encouraged unless it promises 
a marked advance over planes in service or already under 
trial. Great consideration will be given to possibilities 
for immediate manufacture, facility of upkeep and rapid 
dismounting of engines, and reduction of general dimen- 
sions. 

General arrangement plans, one- twelfth or one-twenty- 
fourth full size, showing plan, side and front elevations, 
are to be transmitted. The following are to be indicated: 

Over-all dimensions, and principal dimensions of por- 
tions shipped partly assembled; 

Gap, chord and stagger; 

Positions and angles relative to the propeller axis for 
the main and auxiliary surfaces and floats; 

Position of center of gravity of aeroplane for full load 
and light load as defined under Rules Governing Conduct 
of Trials; 

Position of center of buoyancy and corresponding wa- 
ter line of the float system when at rest on the water with 
full load; 

Position of axis of landing wheels relative to center of 
gravity for full load; 

Clearance of the propeller: For tractor types to be 
shown with the propeller axis horizontal; for pusher 
types to be shown with the aeroplane in position at rest 
on the surface; 

Angle of attack at rest on the surface under full load; 

Areas of main and auxiliary surfaces; 

Dihedral angle; sweep back; wash-out or permanent 
warp, if any. 

The detail plans called for are: 

Details of spars, showing full size of the spar section 
in each bay; 

Section of aerofoil, showing with dimensions the posi- 
tions of the spars and details of wing ribs; 

Details of wing struts and drift struts, showing full 



size the central cross-sections, and details of taper, if 
any; 

Details of typical strut terminal fitting and wing spar 
fitting, with anchorage to wing spar and to stagger, lift 
and landing wires; 

Details of hinge connection between wing panels; 

Details of aileron, elevator and rudder hinges and 
horns, and general construction plans of these surfaces; 

Details of float construction, including lines and a state- 
ment of reserve buoyancy. 

The required assembly plans are those showing: 

The arrangement of all control leads and types of fit- 
tings used with them; 

The installation of compass, instruments, armament or 
other special gear. 

Arrangement of wing wiring, including lift and land- 
ing wires, drift and stagger wires, and tabulated strengths; 

Landing gear and shock absorbers, size of wheels, tires, 
axles and struts; 

Propeller proposed, including section and angles at sta- 
tions 0.15, 0.30, 0.45, 0.60 and 0.90 of radius; 

Mounting and general installation of the engines, with 
oil and gas tanks, starting, air intake, exhaust, and all 
piping arrangement; 

Cowling and ventilation arrangements for engine and 
cooling system, giving complete specifications of radia- 
tors employed. 

These further data are asked for: 

Detailed tabulation of estimated weights, showing 
weights included in light load and full load with the cal- 
culation of the location of the center of gravity vertically 
and horizontally for each of these conditions with refer- 
ence to the front edge of the lower plane with the pro- 
peller axis horizontal; 

Diagram showing loads on the principal members of 
the wing and body truss, including a tabulation of the 
characteristics of the principal members, their loads and 
stresses under the several conditions specified under Fac- 
tors of Safety; 

Calculated performance chart, showing the curve of 
effective horsepower required, the propeller efficiency, and 
the effective horsepower available, all based on velocity 
of advance in miles per hour; also a curve for the engine 
employed, showing brake horsepower plotted against rev- 
olutions per minute; 

A statement of the type and principal characteristics 
of the engine proposed, together with oil and fuel con- 
sumption per brake horsepower hour; 
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A statement of the performance with full load at sea 
level including: Weight, full load; useful load; maximum 
speed; load in pounds per square foot of plane area, in* 
eluding ailerons; load in pounds per horsepower; climb 
in 10 minutes; tank capacities for fuel and oil; endur- 
ance at full power at sea level. 

The aeroplane must have construction permitting fa- 
cility of observation, inherent stability, ease of control 
and comfortable installation for the crew. 

The general specifications are to be construed to include 
Bureau of Construction and Repair and Bureau of Steam 
Engineering detail specifications in effect at the respective 
date. All materials and processes are to be in accordance 
with any such detail specifications; otherwise, in accord- 
ance with trade custom as approved by the inspector. 

It is stipulated the contractor shall provide all material, 
parts, articles, facilities, plans and data to conduct all 
trials. Non-metallic materials, such as dope, glue, var- 
nish and ply-wood, are supplied by firms on the approved 
list of the Bureau of Construction and Repair. 

Inspectors may reject peremptorily any inferior work- 
manship or material. The contractor has the right of 
appeal to the Department, whose decision is final. 

The contractor is obligated to furnish under the con- 
tract, without additional cost, such samples of material 
and information as to the quality thereof and manner of 
using same as may be required, together with any assist- 
ance necessary in testing or handling materials for the 
purpose of inspection or test. The passing as satisfactory 
of any particular part or piece of material by the inspector 
will not be held to relieve the contractor from any respon- 
sibility regarding faulty workmanship or material which 
may be subsequently discovered. 

As soon as work on the contract is started the contrac- 
tor is on request to prepare for approval a full-size model 
of the cockpits, showing the general arrangement and 
disposition of seats, safety belts, controls, instruments 
and accessories located therein. The object of this is to 
test the feel of the cockpit for roominess, convenience of 
control, suitability of location of all parts and amount 
of view afforded. 

Engines, armament, instruments and accessories will be 
supplied by the contractor or by the Department, and be 
installed by the contractor in an approved manner and 
location. 

The engines, armament, instruments or other fittings, to 
be supplied to the contractor by the Department will be 
free of cost, but the contractor will be required to fit them 
in the machines at his own risk and expense, and be solely 
responsible for carrying out successfully the requirements 
of the specification. 

Alterations and substitutions will be permitted only 
upon the approval of the inspector in charge but wher- 
ever such alterations may affect the contract plans and 
specifications, the aerodynamic qualities, structural integ- 
rity, or military characteristics, such approval must be 
obtained from the Department through the inspector in 
charge. 

All changes approved by the bureaus or requested by 
them will in general be of two classes: First, those of 
immediate military importance or necessary for safety, 
which will be incorporated in all units at once, and new 



parts shipped after units already delivered, so that the 
stations may incorporate the changes; and, second, 
changes which are desirable but not so urgent as to war- 
rant interference with production. 

In case of the first three machines of a new type, all 
material of every description placed on or attached to the 
aeroplane is to be weighed, together with all material of 
every description which, after being weighed and placed 
on or attached to the aeroplane, is removed; and such 
weight and description of the part weighed in all cases 
reported to the inspector. 

Where material is assembled before being weighed, the 
center of gravity of such assembly is to be ascertained. 
The center of gravity of each part or group of parts en- 
tering into or attached to the aeroplane must be reported 
in relation to the front edge of the lower plane witli pro- 
peller axis horizontal. 

Parts which are partially or completely assembled be- 
fore installation are photographed and prints supplied. 
In addition, photographs of the complete assembly are 
to be submitted, giving the maximum amount of detail 
in not less than four positions. 

PLANS AND DATA 

One set of general arrangement plans shall accompany 
each aeroplane for use in erection, together with a set of 
instructions for erection; also construction specifications 
of the aeroplane; specifications and statement of sources 
of supply of all wood, veneers, metals, forgings, stamp- 
ings, wire, cable, glue, fabric, dope, paint, varnish, tub- 
ing, pulleys, tanks, etc.; description of practice followed 
in seasoning wood and heat-treating metal, finishing fabric, 
securing fabric, making wire and eable terminals, rust- 
proofing of steel parts, waterproofing of wood parts; and 
statement of the parts that have been brazed, welded or 
soldered. 

Landing Gear 

The landing gear must be of an approved design and 
construction. Location of the wheels shall be such as to 
prevent any undue " spinning " when landing down wind 
under conditions specified. Particular attention will be 
given to simplicity of design, reduction of head resistance, 
and the least weight consistent with the service intended. 

Staunchness of construction is required while disposing 
material to greatest advantage, transmitting loads by 
suitable fittings and fastenings into the principal members 
and through them to the structure as a whole, in order to 
obtain strength without excessive weight. If at the same 
time resilience can be obtained it will be an advantage, 
and shock absorbers may be employed if their introduc- 
tion involves improvement in performance. Streamline 
form is desirable but must not be permitted to affect sea- 
worthiness. 

Water-tight subdivision is required as well as suitable 
access and drainage for each compartment. Hulls hav- 
ing double bottoms to the step, are to have suitable drain- 
ing arrangements incorporated in this false work. Drain- 
plugs and handhole plates are required on tail and wing-tip 
floats as well as on main floats. Flying boat hulls are 
provided with a hand bilge-pump and means for pumping 
out any compartment when the craft is adrift at sea. 
Double skin boats shall have cotton sheeting and marine 
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glue between the plys. Bulkheads should be utilized as 
strength members and be reasonably water-tight for at 
least twelve hours. 

The form of the bottom should be such as to permit 
easy planing with longitudinal control. The form should 
also be such as to reduce the shock of landing or of run- 
ning at high speed on rough water. The stability when 
afloat in a moderate sea with any one compartment of any 
float completely or partially flooded, should be such that 
the seaplane will not roll or tip over. Provision is re- 
quired against bursting due to the change in pressure 
involved in ascending to the maximum altitude contem- 
plated in the design, and the first float of a new type may 
be subjected to an internal pressure corresponding to this 
altitude. Suitable skids, keels, edge strips, footholds, 
walking strips, etc., are required to prevent undue chafe 
and wear in service. Towing cleats and nose rings shall 
be of approved design and location. 

All internal metal fittings and all fastenings shall be 
copper or brass, and all external metal parts shall be ade- 
quately protected against the action of salt water. 

Holes for fastenings are to be carefully bored and .care 
taken to avoid splitting the wood. Rivets and clinched 
boat nails are to be used in preference to screws wherever 
possible. Dead nails are not to be used. Glue should 
not be relied upon as a jointing material in any boat or 
float work. Any splices in strength members must be 
secured by copper rivets and if possible by whipping in 
addition. The type of splice shall in any case be sub- 
mitted for approval. Any propeller which has not a float 
directly beneath it is to be so situated that clearance be- 
tween the propeller tips and the water is not less than 
two ft. when the seaplane is afloat at rest, or is afloat 
at rest with the tail lifted to the flying attitude. Pro- 
peller clearance immediately over floats should be at least 
two in. 

Body 

The form and disposition of body members and fittings 
are such as to provide positive alignment and minimum 
distortion under the loads to be met in service. For sea- 
planes, the crew must be able to get out quickly in case 
of accident. Suitable footholds are to be provided to 
enable the crew to pass to the main floats and to the 
engines to make minor adjustments while the machine is 
afloat. 

Longitudinals may be spliced only in approved manner. 
Longitudinal fittings shall be properly anchored to take 
shear, but through-bolts should be used with caution. All 
wires used for trussing are to be solid except where read- 
ily accessible, or where the use of other types is ap- 
proved. A suitable windshield is to be fitted to each 
cockpit. For each seat an approved safety belt will be 
supplied. Removable seat cushions are to be so attached 
that they cannot shift when in flight. 

Engine Installation 

For seaplanes the engines shall be capable of being 
started by the crew when the machine is afloat in a sea- 
way. The engines shall be accessible and easily removed 
and replaced as a unit with a minimum disturbance of 
fittings. 

Engines are to be effectively cowled with sheet metal, 



with parts easily removable for access. Cowls for rotary 
engines shall protect crew, planes and body from oil and 
smoke. The exhaust is not to interfere with the crew, nor 
is there to be any danger of fire due to it. Effective 
mufflers are to be provided unless specfically excepted. 
Approved provision is to be made for the entrance and 
exit of air for the purpose of cooling the engine base 
and cylinder heads. In tractor aeroplanes a flame-tight 
metal bulkhead immediately behind the engine is provided. 
Means are installed in the pilot's cockpit for extinguish- 
ing fire forward of the fire bulkhead. The body beneath 
the engine has a metal cover sloping to the rear with an 
opening at the rear edge extending the entire width. The 
bottom of the body behind this point is to be covered with 
metal for at least three feet. Suitable drip-pans and 
drainpipes leading clear of the body are to be provided to 
get rid of gasoline overflowing from the carbureters or 
elsewhere. Carbureter-float covers shall be so secured as 
to prevent leakage of gasoline. Careful consideration 
should be given to conditions surrounding air supply to 
the carbureter to insure that spray and rain are not drawn 
in and that freezing does not occur in the carbureter or 
induction pipes at high altitudes. 

A head of at least 5 in. shall remain above the outlet 
to each cylinder when the reserve water allowed has been 
boiled awav or otherwise lost, and with the machine in- 
dined upward 25 deg. to horizontal, or 10 deg. list to 
either side. Radiators shall be tested filled with air at 
8 lbs. per sq. in. pressure when totally immersed in water. 

Foundations 

All foundations for engines, radiators, seats, control 
gear, guns, bomb storage, releasing gear, etc., are to be 
thoroughly supported from panel points. 

Fuel Tanks, Piping, Etc. 

Fuel tank location is nearly central. Gravity feed to 
the carburetor, under normal conditions of flight, or a 
service tank having at least a half-hour capacity, is pro- 
vided. Each tank has independent leads either to the 
service tank or carbureter. If gravity feed cannot be ob- 
tained, proper and approved means in addition to a hand- 
pump, are provided for supplying the service tank. Effi- 
cient strainers are required in each fuel-tank lead. All 
solid piping shall be annealed after bending. All joints 
shall be brazed. 

Fuel tanks shall be tested with an air pressure to give 
three pounds per square inch at the carbureter without 
showing leaks or unreasonable deformation. Swash-plate 
bulkheads, should be fitted and the heads so formed as to 
prevent vibration. If gravity feed is used, the tank shall 
be fitted with a suitable vent, which will close and pre- 
vent leakage of gasoline through the vent in case the air- 
plane turns upside down. Tanks shall be non-corrosive 
and made of annealed material where possible. Filling- 
caps are to be secured with chain lanyards. 

All gasoline, oil and air-pipe joints are to be electro- 
conductive, and where the joint has to be made with an 
insulator, such as rubber tubing, it must be short-circuited 
by an approved method. The gasoline and oil supply are 
to be so arranged that the delivery of gasoline and oil will 
continue under the normal air pressure (if so fitted) until 
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the tanks are empty, in any reasonable position of the 
machine. The ignition and auxiliary circuits must be 
thoroughly protected from short-circuits by spray. A 
positive means of quickly cutting off the gas at the serv- 
ice tank shall be readily accessible from either seat. The 
fuel leads, the control leads, and the carbureter adjusting- 
rod shall be provided with suitable, safe and ready coup- 
lings where those connections have to be frequently broken. 
The oil thermometer bulb shall be installed in the oil- 
sump or other approved location where it shall be covered 
with oil at all times. The circulating-water thermometer 
bulb shall be installed in the outlet -pipe of the engine 
near the radiator, or in other approved location. 

Controls 

Plans showing the general control system shall be ap- 
proved before installation. All control gear and control 
cable shall be readily accessible for inspection and lubri- 
cation. The control surfaces and actuating mechanism 
shall be so arranged that under no circumstances shall 
they jam or foul, and the whole system shall have an 
approved margin of strength and rigidity. 

All control gear shall be so placed that it will be pro- 
tected from sand and dirt. Control wire shall be kept 
away from floors. 

All control operating horns shall be relieved of bending 
stress by at least one wire unless otherwise approved, 
and control columns, posts, bars and pedals shall be pro- 
portioned to prevent bending in service. 

Welding of control horns is prohibited except for longi- 
tudinal seams. 

All control leads shall be of stranded cable of an ap- 
proved flexible type and make, and shall be thoroughly 
stretched before fitting. Where the control lead passes 
around a pulley or drum, the wire shall be guarded against 
coming off. Such guard will not be approved if the cable 
can be forced off its pulley or drum when quite slack, by 
pushing the two ends of the cable inwards with the hands. 
All control pulleys shall have ball bearings. The radius 
of curvature of pulleys or fair leads for control wires 
shall be not less than fifteen diameters of the wire for a 
90 deg. bend. The turnbuckles in control wires shall be 
in approved positions as far as possible from the compass, 
and accessible for adjustment. 

The handwheel, if employed, shall be made exclusively 
of non-magnetic material with the inner edge of the rim 
corrugated. The rim shall be fastened in a secure man- 
ner and the use of wood screws for this purpose will not 
be allowed. 

Each elevator half is to be provided with one pair of 
operating horns (or their equivalent), each with independ- 
ent leads. 

The steering is to be by means of foot bar or pedals, 
adjustable fore and aft for at least six inches. Arrange- 
ments are to be made to prevent the pilot's foot slipping 
off the foot bar or pedal. If a foot bar is used, guides 
are to be fitted to prevent vertical play; also stops suffi- 
ciently high and strong to prevent the bar bending or 
overriding them. 

The controls need not be non-magnetic for the trials, 
but if the compass is affected, replacement with non-mag- 
netic gear is to be made. The fixed control fittings should 



preferably be non-magnetic, but permission may be given 
to use magnetic fittings if it is considered that there will 
be an advantage in weight, strength or convenience of 
manufacture. 

If, on the engines employed, the throttle and magneto 
advance levers are interconnected and brought to a single 
lever, this lever shall be operated by a separate hand- 
lever for each engine. When the throttle and magneto 
are not interconnected, a separate hand-lever shall be 
provided for each engine, these systems being so arranged 
that the pilot can control with one hand the engines in- 
dividually or together. The hand-levers to the throttle 
and ignition and to the engine switches, in case of ma- 
chines carrying two or more pilots, shall be arranged by 
duplication and interconnection of levers, so that either 
pilot can operate them when in flight. The forward posi- 
tion is to be the position for full power. Each throttle 
or magneto advance lever is to be fitted with an approved 
system of positive location. A spring, capable of open- 
ing the throttle in the event of the control gear breaking, 
is to be fitted at the engine end of the throttle-control 
system. The engine switches are to be of an approved 
type and so placed for each engine that all can be moved 
simultaneously with one hand, the direction of motion 
for shorting to be approved. Ground wires for switches 
are to be led direct to the engine and not to the engine 
mounting. 

Wings 

Spruce or Port Orford cedar for wing spars shall be 
selected from the clearest, finest stock available, shall 
have a density in excess of 0.36 and 0.42, respectively, 
based on oven-dry weight and volume, and, if possible, 
more than eight rings per inch. 

The spar shall be suitably increased in dimensions where 
it is pierced by bolts. Particular attention is to be given 
to this point when the spar is pierced by bolts not approx- 
imately on the neutral axis. The fitting and its method 
of attachment to the spar shall be so designed that the 
failure of any part of it shall not cause the struts to be 
displaced or both the flying and stagger wires to be re- 
leased. 

Either brass or galvanized-iron brads shall be used to 
fasten cap strips to ribs; but brass screls shall be used 
to fasten cap strips to spars. 

In order to prevent relatively weak portions of the 
machine from damage in handling, hand-grips shall be 
fitted in suitable positions near the extremities of the 
lower planes. 

Control Surfaces 

All ailerons shall be double-acting. For large machines 
in which control by means of unbalanced surfaces will be 
obtained with difficulty, balanced surfaces of approved 
form shall be provided. 

The horizontal fixed tail surface shall be so designed as 
to permit of adjustment in angle. Arrangements may in 
some cases be made for this adjustment while in flight. 

Elevators shall be on same axis tube or locked together 
in such a manner that the control is not rendered useless if 
one set of control wires breaks. 

Wing Struts 
Wooden wing struts, if hollow, shall be taped, doped 
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and varnished. Any strut even slightly warped will be 
rejected. Wooden struts shall be made of clear straight 
spruce, Port Orford cedar or white pine of finest grade, 
close-grained and well seasoned. For struts the inspector 
will select spruce or white pine having a density in excess 
of 0.36 or Port Orford cedar having a density in excess of 
0.42 and, if possible, more than eight rings per inch. 

Propellers 

The propeller hub faceplates shall be interconnected, 
independently of the propeller bolts, so that each plate is 
used to drive the propeller. Wood propellers shall be 
fitted with sheathing which shall extend a distance from 
the tip of the blade toward the center approximately one- 
fourth the diameter on the leading edge and eight inches 
on the trailing edge, as a minimum; detailed requirements 
may be found in Bureau of Steam Engineering, Instruc- 
tions for Tipping Seaplane Propellers. Non-corrosive 
rivets or screws shall be used. 

FACTORS OF SAFETY 

The factors of safety specified apply in general to all 
aeroplanes. In all cases the burden of proof rests upon 
the contractor to demonstrate by submission of his calcu- 
lations in detail that the aeroplane is structurally safe. 
Any part or parts whose strength is in doubt shall be 
tested by sand loading or other approved method. This 
specification refers in particular only to the most impor- 
tant structural members. For foundations, terminals, fit- 
tings, braces and minor structural parts, for which calcu- 
lations are indeterminate oi loading unknown, good en- 
gineering practice shall be followed. 

The wing truss consists of the wing spars, interior brac- 
ing, struts and exterior bracing together with all wire or 
cable anchorages, but does not include non-strength parts, 
such as leading and trailing edge strips, ordinary ribs, 
tape, cloth, battens, corner blocks and fairing pieces. It 
is assumed that the wing truss carries in normal flight 
the full weight of the aeroplane and, in addition, the drift 
of the wings, struts, external wires and any appendages, 
such as skid fins, wing floats, etc. 

In biplanes the distribution of loading on the wings 
shall be computed by the formula: 

11 

W = A*x 1- Ax, (1) 

9 

in which W = total lift load, A" = area of upper wing, 
A = area of lower wing, and x = unit load on the lower 
wing, which is obtained by solving the above equation. 

In triplanes the distribution of loading shall be com- 
puted by the formula: 

5 3 

W = A-x— + A w x— + Ax, (2) 

4 4 

in which A m = area of middle wing, and other notation is 
the same as in (l). 

The stresses imposed in the wing truss are figured from 
the net lift which equals the total lift less the weight of 
the wings and the interplane bracing. 

Ailerons are considered as wing area, but in special 
cases, when ailerons are of unusual design or size, or 



operated by servo-motor, the Department may require a 
special investigation of wing truss strength as affected by 
aileron loads. 

The total lift load on each wing is the product of the 
area of that wing by its unit load and is assumed to be 
applied uniformly along the spars and distributed between 
them in inverse proportion to their chord distances from 
the assumed center of pressure. At high speed the cen- 
ter of pressure shall be assumed at 0.5 of the chord dis- 
tance from the leading edge, except when reliable wind 
tunnel data on the center of pressure travel and mono- 
plane life coefficients for the aerofoil employed are avail- 
able, in which case the center of pressure for high speed 
may be calculated from the wing loading at high speed 
by obtaining the flying angle from the monoplane lift 
characteristic. At low speed the center of pressure shall 
be taken at 0.28 of the chord distance from the leading 
edge, unless an unusual aerofoil is employed, in which 
case the center of pressure travel may be modified if data 
from wind tunnel tests are available. 

Besides the lift load defined above, the wings carry a 
drift load which may be assumed equal to one-quarter the 
lift load and applied at the center of pressure. This drift 
is assumed to include the drift of wings, struts, wires and 
appendages. Where data from wind tunnel tests are 
quoted, the fraction of lift applied horizontally as drift 
may be altered. This drift load may then be divided 
between the spars and distributed uniformly along them. 

Resolve the running lift and drift loads for each spar 
into a single running load in the plane of the principal 
axis of the spar and, making use of the Theorem of Three 
Moments, compute the bending moments in the spar and 
the reactions at the joints or points of support. 

Assume, as a first approximation, pin joints with all 
loads concentrated on joints and compute direct stress in 
each member after having resolved the loads into the 
planes of each group of members — i. e., plane of front 
struts, plane of chord of top wing, etc. For spars, com- 
bine the direct stresses due to lift and to drift with the 
stress due to bending. 

The horizontal shear in the wing spars should be com- 
puted for sections near the strut ends where the spar has 
its usual section. 

Directly over the struts the wing spars shall not be 
hollowed out, and if pierced by bolt-holes allowance shall 
be made in all computations for the sectional area of the 
holes. Wood spars of I-section shall have the web at 
least equal in thickness to the flanges and cut with gener- 
ous fillets. 

All splices in solid wing spars shall be located at points 
of contraflexure or minimum bending moment. When the 
exact location of these points is not known, they may be 
assumed to occur at from one-fourth to one-third the dis- 
tance between consecutive interplane struts.' 

Splicing of unlaminated spars or of laminations of lam- 
inated spars will be permitted provided the type of splice 
is approved by the Department. 

In splicing solid wood spars of I-section the spliced sec- 
tion shall not be routed out. 

Fittings for pin-joints at butts of wing spars are to be 
designed so that securing bolts cannot crush or shear 
through wood under loads specified below. 
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Struts shall be computed as if made with pinned ends 
whether or not the ends are actually pinned. 

For wires and cables allowance should be made for the 
efficiency of the terminal. Similarly, the strength of the 
fitting to which the wire or cable terminal is secured must 
be considered in the wing truss design. Wires and cables 
should be so led as to introduce no eccentric loading on 
structural members and anchored in fittings designed to 
develop their full strength. 

The stagger wires are to be assumed to carry the drift 
of the top plane. Where the top plane passes over the 
body, the entire drift of the top plane is assumed to be 
carried into the body by the stagger wires and struts at 
that place as if acting alone. 

Cross transverse diagonal wires over the body holding 
the top plane from racking as the aeroplane rolls should 
be computed to hold the rolling movement obtained by as- 
suming an up load of 20 lbs. per sq. ft. on one set of 
ailerons and an equal down load on the opposite set. 

Wood 

Air seasoning is preferred, but forced drying will be 
permitted if approved methods are used. Laminated wood 
shall not be used unless approved by the Department. 
Spiral grain will be allowed only as permitted in specifi- 
cations issued by the Department for each type of ma- 
chine in production, and in case of doubt test sticks shall 
be split. No spruce or white pine below 0.86 density, 
Port Orford cedar below 0.42 density, or ash below 0.56 
density in oven-dry condition shall be used in important 
strength members. Wood splicing shall be only as ap- 
proved. The splices shall be of efficient form and the 
grain shall not be turned. Bolts or rivets shall be used 
if required, and the joints shall be finally taped or served 
and glued as prescribed. 

All dope, enamel, paint, varnish, shellac, waterproof, 
hide or marine glue shall conform to Department specifi- 
cations. 

Metals 

Where the material is of a class susceptible of improve- 
ment in quality by heat treatment, such treatment shall be 
given as a final step in manufacture, except in the case of 
small parts. In the latter case the heat treatment shall, if 
practicable, be given before fabrication or else the parts 
shall be made from heat-treated stock. 

Steel shall not be left in finished parts in a hot-rolled, 
hot-forged, or cold-forged condition. Normalized steel 
must be renormalized after forging (hot or cold), welding, 
or otherwise heating. 

Hard-drawn steel must not be heated. 

Laminated fittings of metal which are brazed or welded 
shall, in addition, be thoroughly riveted. Welding and 
brazing shall be restricted to parts not otherwise possible 
of fabrication, and only in approved locations. 

Acids will be used in soldering only where expressly 
permitted. If used, after soldering, all acid shall be neu- 
tralized and washed out in an approved manner. 

Wire 

Solid wire shall be carefully formed to perfect eyes 
without any rebending, and the eyes shall be properly 
formed to prevent crawling. Eyes should be examined 



for signs of lamination and cleavage. Cable shall be 
tacked with solder before cutting or cut with acetylene 
flame to prevent uneven stress due to unlaying. At the 
time of tacking the wire shall lead straight. 

Wire with hemp centers shall have the center locally 
removed before making up the terminals so that the cen- 
ter strand will carry no load. The ends of all cables, 
whether flexible or otherwise, shall be fitted with thimbles 
or other approved device to minimize slackening in serv- 
ice. Where cone cups are used for terminals the double 
mushroom may be required unless the workmanship is 
such as to show by test perfect terminals in every case. 
Taper plugs shall not be used. All wire terminals except 
those of the cone-cup type shall be soldered. Cone cups 
will be puddled with zinc and care taken to prevent draw- 
ing the temper of the wire. 

Wherever wires are inaccessible for adjustment, as is 
the case inside the wings and auxiliary surfaces or in 
parts of the body or floats, solid wire shall be used un- 
less otherwise approved. 

Cable stays shall be made up complete with terminals 
and proof stretched before installation with a load equal 
to one-quarter of the ultimate tensile stress. 

Fabric 

Wing, body and auxiliary surfaces shall be covered with 
linen or cotton conforming to Aeronautical Specifications. 
C & R Nos. 12 and 13, respectively. On the wings, the 
fabric shall be applied either diagonally or with seams 
running normal to entering edge. On the wings, the 
tape and lacing method shall be used, with loops spaced 
not more than four inches apart. The thread shall be 
knotted at each loop or made fast with a douole half-hitch, 
and then cemented with dope. The tape oised in wing 
construction shall be of the same quality of fabric as used 
for the wings. Tape used on laminated struts or built-up 
parts shall be applied with glue and then doped. Thread 
used for stitching seams shall he of an approved linen or 
silk and shall be waxed. 

Pontoon Fabrics 
In built-up laminated floats, bottom planking and bulk- 
heads shall include cotton sheeting applied with an ap- 
proved grade of marine glue between laminations. 

Requirements of Finishing Materials 
Acetate and nitrate dopes used on all work shall be in 
accordance with Aeronautical Specifications, C & R Nos. 
1 and 2, respectively. Spar varnish and naval gray 
enamel used on all work shall be in accordance with Aero- 
nautical Specifications, C & R Nos. 3 and 4A, respectively. 

Doping 
The doping of all naval planes, with the exception of 
H-16 and F-5, shall conform to the Navy Standard Dop- 
ing System A. 

Navy Standard Doping System A 

Wings, control surfaces and fuselage fabric — On all 

fabric two coats of cellulose acetate shall be applied. 

This treatment shall be followed by the application of a 

sufficient number of coats of cellulose nitrate dope — not 
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less than two or more than four coats — to obtain satis- 
factory tautness and finish. After the last coat has dried 
for not less than twelve hours, naval gray enamel shall 
be applied; two coats on vertical surface, two coats on top 
sides, and one coat on the under side of horizontal sur- 
faces. 

On H-16 and F-5 planes, acetate dope shall conform to 
Navy Doping System B. 

Navy Doping System B 

Wings, control surfaces and fuselage fabric — On all 
fabric five successive coats of cellulose acetate dope shall 
be applied. After the last coat has been dried for not 
less than twelve hours, naval gray enamel shall be ap- 
plied; two coats on vertical surface, two coats on top 
sides, and one coat on the under side of horizontal sur- 
faces. 

Finish for Metal Parts 

Plating — Zinc coating is preferred and should be used 
wherever practicable. When galvanizing is employed, the 
zinc coating should conform to Aeronautical Specifications, 
C & R No. 39. Special alloys and heat-treated steels may 
be affected if galvanized by the hot-dip or other proc- 
esses employing high temperatures — 375 to 450 deg. C. 
On such parts, as well as on accurately dimensioned small 
parts, the electro-galvanizing process (zinc plating) 
should be given preference. 

Cleaning — Sand blasting is preferred for cleaning 
metal previous to plating. Pickling of metal surfaces with 
acid should be avoided wherever possible, since pickling 
increases the brittleness of metal and has a very unfa- 
vorable effect on thin stock. Pickling should especially 
be avoided on metals that may be subjected to continual 
vibration. Wherever pickling is used, the metal should 
be thoroughly cleaned with water so as to remove the 
pickling acid previous to plating or finishing. Threaded 
and brazed parts are often cleaned satisfactorily in tum- 
bling barrels with^oil and emery. 

Painting — After plating or coating with zinc, copper 
or nickel, metal fittings shall be finishel with enamel, 
Specifications C & R No. 4A gray or No. 5 black. After 
assembly all metal parts that show bare places shall be 
touched up with enamel. Interior plated or zinc-covered 
fittings such as tubes or aileron horns and all such parts 
having cavities shall be dipped in enamel and then allowed 
to drain and dry. This process is included to insure in- 
terior protection against corrosion. Steel tubes having 
.sockets or caps on the end may be drilled with two holes. 
Thinned enamel may be poured in one hole and allowed 
to drain. After enamel is dry the holes should be plugged. 

Wires and Cables 

All fixed external wires or cables shall be carefully 
cleaned and coated with spar varnish containing 5 per 
cent, of Chinese blue. 

All fixed internal hull wires or cables and all internal 
wing wires or cables shall be painted with naval gray 
enamel. 

All control wires or cables shall be heavily coated with 
an approved grease. 



RULES GOVERNING CONDUCT OF TRIALS 

Light load — Comprises the aeroplane complete in or- 
der for flight, including water in radiators, water and oil 
thermometers, tachometer, dashboard instruments, start- 
ers, all tanks and gages and armor, but without those 
items included in " Useful load." 

Full load — Comprises the aeroplane complete as speci- 
fied under " Light load " and in addition the " Useful 
load." 

Useful load — Comprises fuel and oil, crew, armament, 
equipment and accessories as detailed in the contract. 

At the beginning of each trial of any performance, the 
aeroplane shall be brought to the prescribed " Full load " 
condition. 

The first successful trial under the conditions pre- 
scribed shall be final, and no further attempts shall be 
made. 

Throughout the trials the powerplant (including pro- 
peller) and the aeroplane shall be identical in every re- 
spect with that which it is proposed to deliver for service. 

The gasoline used shall be of a commercial grade read- 
ily procurable. 

Demonstration trials include the following, in which 
the aeroplane shall meet the performance requirements of 
the contract: 

(a) High speed, (b) Climbing, (c) Maneuvering on 
the surface and (d) Maneuvering in the air. 

Immediately after each trial an inspection of the aero- 
plane and powerplant shall be made to determine that all 
parts are in good condition and functioning properly. 

Not more than four official attempts will be allowed in 
which to make either the high speed or climb prescribed. 

The manner of conducting the high speed and climb- 
ing trials shall be as agreed upon. 

Maneuvering on the Surface 

Landing — The aeroplane shall be capable of being 
landed down wind with dead motor under prescribed con- 
ditions. Such landing shall be made with no tendency 
of the aeroplane to spin dangerously or to turn over on 
its nose. 

If required, the aeroplane shall be driven along the 
ground in a straight line in any direction with respect 
to a wind of a velocity between 15 and 20 m.p.h. 

Maneuvering on Water 

Seaworthiness will be demonstrated by maneuvering 
the surface at anchor, adrift and under way. 

The purpose of such trials is to determine staunchness, 
stability, planing power and longitudinal and directional 
control under varied conditions of the wind and sea, 
representative of conditions to be met by the type under 
consideration. 

In a calm, with full load, the seaplane shall steer read- 
ily. At all speeds up to " get away " the seaplane shall 
respond readily to the controls. It shall " plane " at 
moderate speed, accelerate rapidly, and get away within 
the distance specified. It shall show no uncontrollable 
" porpoising " or tendency to nose over at any speed. 
Under this condition the propeller should be free from 
spray and broken water. 

In a moderately rough sea the seaplane shall steer 



270 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 



readily in . all directions and at all speeds. It shall 
" plane " at moderate speed and without undue " por- 
poising" or tendency to nose over under any condition 
with the wind forward of the beam. 

With the wind abaft the beam it should be capable of 
running slowly or at moderate speed without nosing or 
without undue spray or broken water entering the pro- 
peller disk. Down wind at wind speed there should be 
sufficient reserve of stability to prevent nosing over. 

Headed into the wind there should be no marked tend- 
ency to yaw. 



In a rough sea the seaplane shall steer readily in all 
directions at moderate speed, and shall steer readily at 
any speed with no tendency to yaw with the wind any- 
where forward of either beam. It should be able to get 
off and to land headed approximately into the wind with- 
out undue punishment to the seaplane or propellers. 

Adrift or riding to a sea anchor or to a ground anchor 
the seaplane should not take any dangerous attitude in a 
calm, moderately rough sea, or in a rough sea. 



_ ^ 



CHAPTER VI 
METHOD OF SELECTION OF AN AEROPLANE WING AS TO AREA AND SECTION 

By J. A. Roche, M.A. 



This phase of design, although of great importance if 
the highest efficiency is to be attained, has long been 
neglected. The first reason for this was the lack of ex- 
perimental data on which comparative calculations could 
be based, and now that this data is plentiful and trust- 
worthy, there is no quick and easy way to lead one to the 
correct combination of section and area to be used. 

This difficulty arises from the fact that both section 
and area are functions of each other and also of the 
weight, power, head resistance and intended purpose of the 
machine. 

Anyway, an aeroplane is pretty sure to fly satisfactorily 
providing that the relation between the above factors be 
chosen with " good taste " or with an eye on the neigh- 
bor's machine, but there is ever the doubt that the machine 
is not at its best — perhaps a different curve would be 
preferable — perhaps a little less surface would be belter. 

One of the common methods now used in making this 
selection consists in picking out the curve of highest lift 




to drift ratio available, and finding the area by means 
of the familiar formula: 



Where; W = the weight of the machine, fully loaded. 

K a = the highest lift coefficient. 
I = the tow speed hoped for lo m.p.h. 
8 = the area sought. 

It is generally assumed that the section chosen is the 
best; because it has the highest lift to drift ratio; but no 
fair test of the combination is had until the characteristic 
curves for the aeroplane are drawn. Moreover, to draw 
such curves for several combinations of section and area 
would require a great deal of work and then the com- 
parison would be rather difficult. 

Now I propose to demonstrate n method which I have 
found simple and satisfactory. 

In general, the problem presents itself as follows: 

Specifications require a certain climb, speed range, and 
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useful load to be carried and we are given a power plant. 
There are seven variables to be considered, namely: 
K t , If,, A, V, S, P, \¥. 
These are related by simple expressions: 
W = KJt V* 
;-■ =(jf/ rs + K A •*> v. 

Where A* r = The drift coefficient. 

A = The area of an imaginary square plate whose air 
resistance would he equal to that of all the struc- 
tural parts of the machine, or to the parasite re- 

K = The coefficient for A 



- • UUJ - U n, s . 

P = The power available in lb. 
V, 8, W, K^ as above 


miles per hr. 


■a which we get by transposith 


in and cancelation: 


W p 

K = — — . and A' — -jpz 


KA 



It now becomes necessary to apply to these equations 
the factors that will make them yield results in terms of 
the desired units and those that will compensate for the 
following: Aspect ratio, reduction of size and wind 
velocity, interference or biplane effect. 

All possible care must be exercised in selecting these 
coefficients; they will be different for different types of 
machines — the following are not chosen with any type 
in view. Some valuable indications of these coefficients 
may be found in Loening's " Military Aeroplanes " and 
in Eiffel's books. 

Mr. Eiffel recommends that the area be multiplied by 



1.1 to allow for the greater efficiency of large planes 
moving at high speed. We can also multiply the area by 
1.08 to allow for the greater efficiency of the aspect ratios 
commonly used. Finally K, being affected by interfer- 
ence, can be multiplied by -i), the equations thus corrected 
become : „, ... 



KA 



KA 



x 1.1 X 1.09 X 8Vi 1.1 X 1.08 X X 1.19 HV 1.19 S 
It would be more accurate to apply these corrections to 
the characteristic curves of the wing sections tested; how- 
ever the errors of this method are slight, and since the 
same error is introduced in all cases, the value of this 
method is not impaired for purposes of comparison. 

Consider the graph of these equations, K z being plotted 
against K„ for various values of V and for assumed con- 
stant values of S, W, P and A. 

Note that these equations give the value of K„ neceitart/ 
to fly and the values of K x available at various velocities. 
Note also that the effect of the second term of the X, 
equation is merely to subtract a constant amount from the 
K r which would be available were there no head resistance. 
This amount depends only on A and £ and its value is read 
on the K t scale of the diagram. The effect of this term 
is then to displace the origin of the plot to the right along 
the Kt axis. In order that this origin be easily located 
for any possible value of A, which will naturally vary 
according to the dimensions of the machine, and for the 
values of S under consideration, a set of lines is drawn 
as shown on lower left-hand corner of wing selection 
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diagram, from which the value of .; origin thus 

located for any given conditions. Using this new origin 
A'* values remain as they were, but the new Ki values are 
those that remain to drive the wings alone through the air. 

Now consider the polar curves of certain tested wing 
sections! these curves first devised by Mr. Eiffel seem to 
me by far the most ingenious method of representing the 
characteristics of a wing section, and I wonder why their 
use has not been more widely adopted in this country. 
Polar curves can be derived, however, from any other 
characteristic curves available, or translated to the desired 
scale of units and size from foreign polar curves. 

Note that these curves give the Ki TequWed by the 
section to move through the air at various angles and the 
K y available with the section if it is made to travel at 

Then recalling the matter on page 4 
K r available — K t required = ff, excess 
K v available — K^- required = K y caress 
A' j, excess X A I'* = Kxcess power 

K u excess X .* 1'* = Excess lifting capacity, extra load which 
could have Iteen carried. 
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These values as well as the speed ranges, can be ob- 
tained easily for several combinations of section and area 
by superposing polar curves and the diagram, several 
examples of which are given later. 

It is evident that the above excesses are the horizontal 
and vertical intercepts between the selection curve and 
the polar curve and when these excesses are zero we have 
the limits of flight range. 

We can at once proceed to illustrate the method by an 
example: 

Let W = weight of machine complete with load — 2500 
lbs. 

H.P.= 120, available with variable efficiency. 

Assuming various values for V we can tabulate values 
for K» and K, for values of S. Let us try 250, 350 and 
450 sq. ft. Then plot the curves of K z in function of K t 
writing on the curves the velocities for which these coeffi- 
cients occur. This will be our wing selection diagram. 

A curve in the example is also given for 350 sq. ft. 
and 1000 lbs. to stimulate empty gas tanks, in order to 
show the conditions of flight when the machine is light. 

The peculiar waves in these curves are due to the 
variable efficiency assumed for the power plant. We know 
that this varies from zero when the machine is standing 
still to a maximum value when the machine is going near 
its highest speed, and then decreases again. If the effi- 
ciency was constant these curves would be of the simple 
form: 

X = C¥' W + e which Is o parabola. 

The tabulation and diagram follow: 



The above tabulation could be further improved by 
letting the weight change for each value of area, as would 
be the case in practice. The effect of this would be to 
bring closer together the ordinates of points on the dia- 
gram. 

Let us provide ourselves with polar curves of the wing 
sections that we wish to consider and draw them up to 
the same scale as the diagram. For ease of inspection, 
either the polars or the diagram should be on transparent 
paper so that we may place one over the other and still 
see both. To supply the example. 4 polars of to-day's 
most fashionable curves arc herewith presented with the 
selection diagram superposed. 

With the above material at hand we can now proceed 
to select our wing. The observations can be tabulated as 
follows: 



i the following tabulation can be obtained 
lide rule or by the use of the accompanying 
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READINGS FROM WING SECTION DIAGRAM 



READINGS PROM WING SECTION DIAGRAM 



Section 


Area 


High Sp'd 


Low Sp'd 


Best Glide 


Excess Power 






V i 


V i 


V 1 Gd. % 


V i % 


R. A. F.. 
No. 6. 


250 
350F 
350L 
450 


83 3Vfe° 
77 2^° 
77 1%° 
71.5 \W 


56.6 15%° 
48.3 16* 
42.2 17° 
42 16° 


60.5 SM° 12.5 
56.5 7V U.75 
49.5 1W 11.75 
53 6° 11.1 


65 8tt° 22.2 
54 8V 32 
47.5 8V 51 
48 8° 39 


Eiffel 
No. 32 
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350 L 
4"»l 
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87 1^° 
S 1 ) 2° 
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43 17° 

44 15° 


77 6° 13. 
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55.5 6° 11.75 
59 oVS 11. 


75 7° 15 
63 6H° 27.3 
55 6%° 47.4 
55 6&° 35 
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No. 36 


250 
350P 
350L 
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85 
79 
80 
74 
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2V 
V 

-V4° 
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59 12Vfc° 
4SV6 14° 

41 V4 16° * 
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72 5° 13.1 

73 5° 12. 
54 5° 12. 
56 4.5° 11.25 


69 
72 
51 
53 


7° 15 
5° 22.3 
5V6° 47.5 
5V 35.4 
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No. 38 
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83 
77 
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43 16° 
42 14' 


67 6%° 12.25 
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49.5 6V4° 1125 
52 5^° 10.62 
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56 
19 
50 


T 23 
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7° 52 
6V 40 
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The selection can now be made according to the results 
desired with proper regard for the structural qualities of 
the sections. We will thus have selected, in a sure way, 
the best wing for our purpose, and a performance curve 
can now be drawn. This method enables us to visualize 
the effect of changes in the various factors, as follows: 

1. Since K u is not dependent on P, equal velocities at- 
tainable with various H.P., for a given area and weight, 
will lie on the same horizontal line, i.e., if our power is 
changed the abcissae will vary proportionately. 

2. Since K, does not depend on W equal velocities for 
given area and power will lie on the same vertical for 
all values of \V, i.e., if our weight is changed the ordi- 
nates will vary proportionally. 



S. A tangent drawn to a polar from the origin of the 
diagram will show by its point of contact the value of 
incidence for the best gliding angle, on the same horizontal 
we read the corresponding speed, the slope gives the value 
of the best gliding gradient. 

4. The little diagram in the lower part shows how 
parasite resistance cuts down the speed and. excess power 
and its relative importance on machines of large and small 
area. 

The accuracy of the performance promised by this 
method depends on the accuracy with which the head 
resistance, power available and the correction factors have 
been determined. The accurate selection of each one of 
these presents a problem by itself. 



CHAPTER VII 
NOMOGRAPHIC CHARTS FOR THE AERIAL PROPELLER 



By S. E. Slocum, Ph.D., 
Professor of Applied Mechanics, University of Cincinnati; Member S. A. E. 



In discussing propeller performance it has been cus- 
tomary to assume that the power absorbed by the pro- 
peller varies as N 3 D B , and that the thrust varies as N 2 D 4 , 
where N denotes the propeller speed in revolutions per 
minute or per second, and D is its diameter. These as- 
sumptions, however, are only true for an ideal propeller; 
that is, one which is perfectly rigid and perfectly sym- 
metrical. For a propeller as actually constructed, the 
law governing power and thrust may differ materially 
from the above theoretical assumptions. The actual laws 
governing propeller thrust and power for a particular 
propeller were developed directly from experimental data 
obtained by M. Eiffel and Captain Dorand, without mak- 
ing any theoretical assumptions whatever, the method em- 
ployed being the standard process for the adjustment of 
observations by the method of Least Squares. The re- 
sults showed that the performance of a given propeller 
may differ materially from that prescribed by theory for 
an ideal propeller, and also showed how experimental data 
on propellers may be analyzed on its own merits, inde- 
pendently of all dynamical assumptions. 

As long as the whole subject of propeller performance 
was in the experimental stage, it was doubtless wise to 
base all calculations on the assumption of an ideal pro- 
peller, as it gave a certain uniformity to results. At pres- 
ent, however, when propeller types are becoming stand- 
ardized, it certainly permits of greater refinement in de- 
sign to determine by experiment the characteristics of 
the standard types of propeller adopted. This is the 
method followed in all lines of engineering. For instance, 
the performance of aviation motors is determined for a 
given type of motor by actual test of this type and not 
solely from the principles of thermodynamics, while as 
another example, the firing data for a long-range gun 
are based on experiments made on this particular type of 
gun and not on the ideal assumptions of a perfect pro- 
jectile fired in vacuo. 

Of course it cannot be expected that general formulas 
for thrust and power can be derived which will apply uni- 
versally to all types of propellers, any more than that a 
gas engine power formula can be derived which will apply 
accurately to all types of motors. It is perfectly pos- 
sible, however, to derive formulas by the method men- 
tioned above which will apply accurately to a given type 
of propeller, which will assist materially in the problem 
of powering aircraft, that is, in determining the most 
effective combination of motor and propeller for a given 
wing and fuselage assembly. 

The formulas so obtained, however, are exponential, and 

consequently somewhat difficult to use in their algebraic 

form. To represent graphically the various combinations 
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of quantities involved, M. Eiffel devised what he called 
" Polar Logarithmic Diagrams/' which constitute, in fact, 
a very ingenious and practical application of vector al- 
gebra. But the application, as well as the theory of these 
diagrams, is rather complicated, while the results depend 
in part at least on determining the intersection of lines 
which meet at an acute angle, and such points of inter- 
section are liable to a considerable error when determined 
graphically. 

There has recently come into use another means for 
the graphical solution of exponential formulas which is 
similar in principle to that devised by M. Eiffel in that 
it depends on the reduction of an exponential to a linear 
form by the use of logarithms, and the employment of 
logarithmic scales. This device consists in the construc- 
tion of diagrams called nomographic charts, or alignment 
charts, from which the required results may be obtained 
by simply connecting the points representing the given 
data by straight lines; and then reading off the intercepts 
on the proper scale, the method being similar to that of 
using a slide rule. 

In Plates I and II accompanying this article, nomo- 
graphic charts are shown which represent the formulas 
for thrust and power of the aerial propeller as previously 
derived by the writer in the references given above. 
These charts, of course, are not universal, as they simply 
represent the performance of a particular propeller, but 
similar charts differing only very slightly from these 
may be constructed for any standard type of propeller, 
and their use will facilitate calculations on this propeller 
to the same extent that the use of the ordinary slide rule 
simplifies arithmetical calculations. 

It may be noted that the effect of varying the ex- 
ponents of N and D will be to move the intersection axes 
slightly to one side. For instance, if we follow the 
theoretical assumption that the thrust varies as X 2 D*> 
the intersection axis on the thrust chart will be moved 
slightly to the right of the position shown; while sim- 
ilarly on the power chart, the assumption of N 3 D 5 will 
also move the intersection axis slightly to the right. Like- 
wise any change in the quadratic terms involved in these 
formulas will affect the relative location of the points on 

V 

the scale giving the ratio , and in this way change the 

ND 
readings on the horsepower and thrust scales. Except for 
such shifting of the intersection axes and changes in the 
graduation of the various scales, the nomographic charts 
will be exactly similar in form for all types of propellers. 

Having determined the thrust and power for a given 
propeller, the torque and efficiency are easily found. Thus 
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Example of application of chart. Suppose propeller diameter D = 8 
ft., propeller speed N — 1500 r.p.m. = 25 r.p.s., linear velocity V = 
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120 ft./sec. Then = .60 

ND 
Draw a line joining the point D = 8 with the point N = 25. cutting 
the intersection axis in the point A. Join this point A with the point 

V 
for = .60. The intersection of this line with the horse power 
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Bcale gives 200 H.P. approximately. 
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Example of application of chart. Given D = 8 ft.,N = 1500 r.p.m. = 25 r.p.s. 
V = 120 ft./sec. Join the point D = 8 to the point N — 25, cutting the axis 

at B. Join B to the point = .60. The intersection of this line with 

ND 
the thrust scale gives F = 700 lbs. 
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Torque = 



h.p. 



2nN 



and 



Useful work F. V. 



Efficiency = 



Total work 550 h.p. 
where F denotes the propeller thrust, and V is the speed 
of the plane, or relative velocity of the wind with respect 
to the propeller. To make the graphical solution com- 
plete, however, nomographic charts may also be con- 
structed to give torque and efficiency, as shown on Plate 
III. 

These charts are presented separately in Plates I, II 
and III for the sake of clearness, and an example of 
their use is shown on each. 

For practical purposes it is more convenient to put all 
the charts on one sheet, as shown on Plate IV. As an 
example of its use it may be well to follow through the 
construction shown on Plate IV. In this example we are 



given propeller diameter D = 8 ft. ; propeller speed 
N=1500 r.p.m. = 25 r.p.s. ; linear speed T = 90 miles 
per hour =132 ft. per sec. First join N=1500 with 
D = 8, cutting power axis in A and thrust axis in B. 
V V 

Since = .66, join A with this point on the scale 

ND ND 

for power. The intercept of this line with the power scale 
gives h.p. = 180. Next join B with the point .66 on the 
V 

scale for thrust. The intercept of this line with the 

ND 
thrust scale gives Thrust F = 590 lbs. Now j oin h.p. = 1 80 
with N = 1 500. The intercept of this line with the torque 
scale gives Torque T = 650 ft. lbs. Lastly, join the 
point Thrust F = 590 with the point F=1S2 on the 
velocity scale, cutting the efficiency axis in the point C 
Join this point C with the point h.p. = 1 80. The inter- 
cept of this line with the efficiency scale gives Effi- 
ciency = 76 per cent. 



CHAPTER VIII 
METHODS USED IN FINDING FUSELAGE STRESSES 



, M. E., Aeronautical Eng., U. S. A. 



Reasoning Leading to Choice of Criterion and Methods 
Used in Finding Stresses 

An aeroplane fuselage is a strutture whose function 
is to connect the wings, landing gear and tail surfaces 
of the machine; hold them in their proper respective 
locations and transmit the stresses which hold the machine 
in equilibrium, in the air and on the ground from each 
one of these parts to the others. Its secondary function 
is, of course, to house the engine, aviator and accessories. 

While in the air, the fuselage transmits from the tail 
planes to the wings moments which are necessary to 
give stability or to neutralize whatever couples may 
exist due to center of pressure and thrust line location. 

In normal flight, the stresses due to these moments 
are slight, but in exceptional cases such as in recovering 
from a vertical dive, these moments and the stresses 
they cause are large. 

It may seem at first that these can reach enormous 
values if the recovery be made very sharply by raising 
the elevators at a high angle, while traveling at a high 
rate of speed. 

It has been measured that a man in the pilot's seat 
can exert a push or a pull force of about 250 pounds. 
With the leverage of a standard " Dep." control, the 
force that can be exerted on the control cables is about 
600 pounds and this enn bring about a reaction of 400 
to 500 pounds on the elevators according to their shape, 
on which depends the position of the center of pressure 
behind the hinge. 

The resultant of these two forces is as shown by the 
above figure, and this resultant can be used as a basis 
for a stress diagram of the rear end of the structure. 

The stress diagram yielded is of the simple usual type. 
Usually no attention is paid to stresses in the rear end 
of the fuselage caused by landing shock and the front end 
is analyzed by itself in a rather crude manner. 

The object of the following is to investigate the latter 
condition as thoroughly as possible, taking into account, 

Location of landing gear, 

Location of center of gravity, 

Inertia forces, 

Point of application of all toads. 

As a machine runs along the ground in normal position, 



the reaction force applied at the wheels, being equal 
and coincident with the resultant of the loads and inertia 
forces, must pass through the axis of the wheels and also 
through the center of gravity of the machine. This is 
not strictly true, because other forces may be at play 
helping the machine, namely: airloads on the main planes 
and other surfaces; however, it would be fair to assume 
that the roughness of the ground produced a force equal 
to the inertia forces. If the rolling friction is very high 
and the machine has a tendency to turn her nose, the tail 
air loads must act down to keep the machine in equilibrium, 
whereas if the rolling friction is too low the tail air loads 
must act up to keep the machine rolling on her wheels. 

In the latter case, the machine will have a tendency 
to porpoise; in the former, it will have a tendency to 
nose over, but it seems that if the wheels are so located 
that the resultant of the weight reaction and rolling 
friction passes through the center of gravity, the aeroplane 
will then be stable as it strikes or rolls on the ground. 

It is true that the rolling friction is a very variable 
factor, but it certainly has a mean value and we can 
assume that the inertia of rotation of the aeroplane will 
take care of most variations from this mean value of 
rolling friction. 

It is not advisable to assume the machine landing with 
a perfect " pancake " and striking with wheels and skid 
together, for this is neither the worst nor the usual con- 
dition of landing. It is preferable to assume the machine 
landing on its wheels only in normal horisontil position 
and with tail planes neutral, which is a fair mean between 
the possible conditions mentioned above. 

The stresses found can be those due to the normal 
loads taking no account of shock; and since shock would 
not alter the direction of the forces but only their magni- 
tude, the stresses for any condition of shock can b^ 
obtained later by applying a proper constant to the normal 
stresses or by changing the scale of the stress diagram. 

The work can be performed according to the following 
plan: 

I. Draw to scale the fuselage under consideration and 
mark on it the centers of gravity of the various loads 
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which it must carry; label each one with its name and 
weight. Discompose each one of these loads and apply 
proper share to each one of the joints on which it acts. 

2. Draw vertical and horizontal funicular polygons or 
two polygons at an angle to each other. The intersection 
of their resultants gives the position of the center of 
gravity of the system. 

3. Draw reaction force passing through C.G. thus found 
and center of axle, make all load vestors parallel to it. 

4. Draw stress diagram, closure will be considered as 
check on the work. 

5. Design each member according to the stress it carries, 
taking bending or transverse forces into account. For 
the portion of a strut below the point of application 
of the load add to the direct stress shown by the stress 
diagram the portion of that load which had been consid- 
ered as applied at the lower end. For the upper portion, 
deduct the portion of the load which had been considered 
as applied to the upper end. 

It was admitted in step 5 that the stress diagram 
was not the final operation in finding the close -value of 
stresses in the members of the fuselage. This is due to 
the fact that this truss is loaded internally. Before 
starting to draw the diagram the forces have been dis- 
composed in a definite way, we must now correct for the 
effect of this assumption which had made possible the 
construction of the stress diagram. 

Step 5 indicates how the proper correction is made 
for the stresses in the vertical struts. The reason and 
method are obvious. A similar correction should also be 
applied in the horizontal members. It is clear that the 
various pin points sustaining a load will partake of the 
horizontal component of the force due to the inertia of 
that load. Not necessarilv in the inverse ratio of their 
distances from that load, but in a way depending on the 
rigidity of the members through which this load is con- 
nected to them. 

Thus, instead of having: 




If strut a was elastic and strut b rigid we would have 




The resultants of these systems are equal in all re- 
spects; but the second, more correct assumption would 
cause a more complicated stress diagram, which would 
not show very different stresses in the longerons. It 
seems quite proper to make these corrections afterwards 
if they are desired at all, when the members have been 
designed and their degree of rigidity is known. 

In the case of oblique members, both a vertical and 
horizontal correction must be applied. Thus, in spite 
of the efforts of this method to give close accuracy, there 
is still room for the^ engineer to make some corrections 
based on good judgment, but these corrections need not 
be made in most ordinary cases. 

The present example illustrates the application of 
the method proposed here, a small variable angle of inci- 
dence biplane being assumed. The apportioning of loads 
to pin points is done as follows: 
(1) Engine and Propeller — 110 lbs. 

This load will be considered as applied at the vertex 
of a small triangular truss which is in fact supplied 
by the engine crankcase. Thus: 




(2) Tanks, Fuel and Oil 




20 X H 
Here joint a must take =14.3 lbs. 



b must take 



14 
20 X 4 



= 5.7 lbs. 



14 



(3) Wheels — 24 lbs. 

These rest directly on the ground and impose no stresses 
in the structure. 

(4) Wings — 125 lbs. 

As in the case of the power pant, these are taken as 
concentrated at the joints of their supporting truss. 

(5) Pilot— 160 lbs. 

14^ + 9.5 W B — 16 W 2 — 11.5 JP 4 = 

^1 + ^2 + ^3 + ^4=160 

6 W x + 6 W 2 — 16 W* — 15W i = 

These moment equations show that we have an indeter- 
minate case as could be expected, since there is more 
than 3 points of support, all we can do is to eliminate 
one of the terms in a judicious manner. 
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By setting for example 

w 1 = w 2 xie/u 

We have then three equations containing 3 unknowns, 
as follows: 

(1) 14X16 W x + 9.5 W, — 16 JV 9 — n, 5 = o 

14 

(2) 6X16^ + 6^ — 16^ — 15^ = 

14 

(3) W 2 16/14 + W 2 + W 3 + JV 4 = 160 

OW 2 9.5 JV S — 1 1.5 W 4 = 
12.685 W 2 — 16 W z — 15 W 4 = 
2.U2W 2 + W S +W 4 = 160 



+ 9.5 —11.5 
—16 —15 
16 1 1 



W t = 



—22800 —29400 



—52200 



*= 53.8 lbs. 



9.5 —11.5 

12.685 —16 —15 
2.142 1 1 



—146 — 305 —123 —96.9 



w „ 16 X 53.8 

W x = - = 61.5 lbs. 





12.68 

2.142 160 
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W,= 



—32.15 — 23300 
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12.68 —16 
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W 4 = 



Check . 



24.11 lbs. 



—96.9 







160 



—19250 



= 19.9 lbs. 



—96.9 



—96.9 



19.9 
24.1 
61.5 
53.8 
Total 159.3 
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(6) Tall Works — 30 lbs. 



W t = »*l = *l lbs. 




At this point it is interesting to study the retarding 
effect of the rolling friction which has been assumed. 
This force as scaled from the diagram is 

JF=147 lbs. 
since F = Ma 



and 



W 508 
M = -x- = •— — - =15.8 pounds of mass 
o 82.2 r 



Retardation a = — 



15.8 



M —147 



= —9.8 



. dv dv ds dv 

and 5 v dv = \ — 9.3 ds 

v 2 

Integrating we get — + c = — 9.S s -\- c 

v 2 

-rr = —9.3 s + c 

2 ' 

Proceeding to determine the value of c we know that 
in the case of a landing made at 40 m.p.h. at the instant 
of first contact with the ground: 

V = 58.6 ft./sec. 
and S = Q 

^ 58.6 2 

then = c= 1720 

and when the aeroplane has finally come to the V = 
and 

9.3 
and this figure is not an improbable one for the machine 
»n question, and shows a capacity on the part of the 
landing gear to take care of rather rough ground without 
causing the machine to turn on its nose. If this figure 
was checked on the field, it would prove that the rolling 
friction has been correctly assumed. 



CHAPTER IX 
THEORY OF FLIGHT 



This elementary and clear definition of the principle* of flight was prepared by the Aeroplane Engineering De- 
partment of the U. S. Army, from lecture* delivered at the Army School of Military Aeronautic* at the Ohio State 
University. Tke*e lecture* were given by Messrs. II. C. Lord, G. T. Stankard, and W. A. Knight. 

Investigating wind action — Constant values — Studying action of wind — Streamline shapes — Head resistance — 
Lift, drift and angle of attack — Suction on top of plane — Center of pressure — Cambered planes — Horizontal 
flight — Engine power — Power to climb — Stability. 



In this age of mechanical night everyone is interested 
in aeroplanes. But very few people, however, clearly 
grasp the underlying principles. The theory involved, 
nevertheless, may be demonstrated by simple experiments, 
so that the reader with only an elementary knowledge of 
mathematics and mechanics can understand. 

The simplest principle of aeroplane flight may be dem- 
onstrated by plunging the hand in water and trying to 
move it horizontally, after first slightly inclining the palm 
so as to meet, or attack, the fluid at a small angle. It 
will be noticed at once that although the hand remains 
very nearly horizontal, and though it is moved hori- 
zontally, the water exerts upon it a certain amount of 
pressure directed nearly vertically upwards and tending 
to lift the hand. This is a fair analogy to the principle 
underlying the flight of an aeroplane. 

The wings of the plane are set at a small angle, and 
the plane is pushed or pulled through the air by the pro- 
peller, which receives its power from the engine. The 
action of the air on the wings, inclined at an angle, tends 
to lift the plane just as the action of the water on the hand, 
inclined at a small angle, has a tendency to raise the hand 
out of the water. 



sure and velocity can be determined readily. Methods 
such as these have been used in determining that the wind 
resistance varies as the square of the velocity. 

In other words, if the velocity is doubled it follows that 
the resistance is increased four times, or if velocity is five 
times as great, the wind resistance is twenty-five times as 



Investigating Wind Action 

A rough form of apparatus for studying laws of wind 
resistance is shown in Fig. I . The arm E hinged at C 
carries a rectangular plane IS. The adjustable weight D, 
supported by the arm F, is used to balance the pressure 
of the wind from the blower A. The pressure exerted on 
the plane B can then be measured by moving the weight D 
along the arm F until B floats with the wind. 

Professor Langley, in another experiment, proved that 
we can investigate the action of the wind upon various 
forms of surfaces as well by directing a current of air 
of known velocity against the surface held in position, 
and weighing the reactions, as we can by forcing the 
plane itself through still air. The special apparatus used 
was mounted on the end of a revolving arm driven by a 
steam engine as is shown in Fig. 2. The chronograph, 
a recording instrument, was used to measure the velocity 
or number of revolutions of the table in a given time. 

By such a method as that shown in Fig. 1, and that of 
Professor Langley, it is easy to see that the laws of p res- 



Constant Values 

It would therefore seem to need no experimentation to 
prove that if we increase the surface B ( Fig. 1 ) we would 
increase the pressure in direct proportion to the increase 
in surface area. Now if we were to increase both the 
velocity and the area of surface, we would increase the 
pressure proportionally to the product of the square of 
the velocity and the area of the surface. Thus if we 
were to raise the velocity of the air three times, the re- 
sistance would be increased nine times, and if we then 
doubled the surface we would double the resistance, which 
has already been increased nine times, making a total in- 
crease of eigbteenfold. 

There is still another factor to take into consideration 
in calculating wind pressures, and that is the shape of the 
surface. To take that into account we must use what is 
called a constant, the value of which is determined by 
experiments for each particular shape of surface. 
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The term constant can now be fully explained and it 
will be seen how beautifully it works out in a formula. 
It is often found necessary, especially in an experimental 
field, to introduce numerical constants to balance the two 
sides of an equation. For example, the pre 



f— | 



S/dt £fa>vf/dfr afitfr////>ysfam 



The following explanation will enable one to see very 
clearly the meaning of the term constant and how its 
value is determined. First let us explain the term formula 
which is merely a sentence tersely expressed. To attempt 
to make a study of flight without formula; would make it 
necessary to express relations between quantities in long 
paragraphs of words that could more readily be stated in 
simple equations. Thus if it were desired to state the 
rule that the quantity A multiplied by twice the quantity 
B is equal to C, the formula representing this would be: 

A X 2B = C 
Each letter or symbol in a formula represents some factor 
that is substituted when its value is known. If A= 16, 
and B = 4, then C = 128, since the rule interpreted 
reads: 16 X 8= 128. 

Derived and empirical equations. — The term equation 
simply means that the quantities on one side of the equal 
sign are equivalent or equal to the quantities on the other 
side. Equations arc of two kinds, derived and empirical. 
A derived equation is susceptible to proof, by use of mathe- 
matical processes. An empirical equation is neither de- 
rived nor proven. It is merely a statement of the results 
of experiment regardless of mathematical proof. 

In many branches of engineering, empirical formula; are 
constantly used, and in aviation the lack of a satisfactory 
basic theory of air flow makes empirical formula based on 
experiment most necessary. Empirical formula are really 
experimental averages. 




Illustrating meaning of term " projected i 



face, as we have already learned, is equal to a constant 
times the projected area of the surface (see Fig. 3) times 
velocity squared, or expressing the same quantities in a 
formula, 

P = KSV 2 

where P = Pressure S = Projected surface area 

K = Constant V* sa Velocity squared 

The exact value of the constant K for any surface is 
determined experimentally by wind tunnel tests. So val- 
uable have wind tunnels proven for such determinations 
that several of the large aeroplane builders now have in- 
stalled them in their plants. 

In solving a problem it might be known that the pres- 
sure P varies as the area of the surface and the velocity 
squared, but we could not express this relation in an 
equation capable of solution until a numerical value for 
K is determined for the particular shape subjected to the 
wind pressure, such as the shape illustrated in Fig. 3. 
Each different shape of surface requires a different value 
for K, which can be determined experimentally. 

The majority of formula for air pressures involve con- 
stants, and the great advance in designing during the past 
two years may be traced directly to the determinations by 
the aerodynamic laboratories, of better values of these 
constants, for use in empirical formula. So when M. 
Eiffel, or other men of authority, inform us that the con- 
stant K for a flat shape is .003, we accept the value just 
as we do the report of a chemist who tells us the compo- 
sition of an alloy. 

Parasite Resistance 
A picture of a typical aeroplane is shown in Fig. 5. 
Notice that all the struts, wires, landing wheels and the 
fuselage or body offer resistance to passage through the 
air — a resistance which must be overcome by the engine. 
The sum total of the separate resistances of all these 

i 
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- Curtiss aeroplane, showing control surfaces 



parts is called the parasite resistance. This wastes power 
and so all such parts are carefully streamlined wherever 
possible. 

Note the wings or aerofoils, two on each side, one above 
and one below, and at the rear a vertical rudder R in 
front of which is a vertical fin V, and the horizontal fin 
H, the back part of which can be turned up or down by 
the pilot. The effect of this is to cause the machine to 
point up or down and thus change the angle at which the 
relative wind strikes the aerofoils. This change, as we 
will see, has much to do with the flying of the machine. 

Lift, Drift and Angle of Attack 
Thus far we have found a lot of things about an aero- 
plane which would tend to prevent its flying. Now let 
us study Fig. 4. Here we have a plane B fastened so 
that it makes a small angle with the direction of the wind 
from the blower A. The arm is hinged at C, and bal- 
anced by the weight D, so that when the movable weight 
W is pushed back to C the plane B will be slightly too 
heavy. When the blower A is started the plane B in- 
stantly lifts and the amount of this lift may be measured 
by the movable weight W. If we replaced this model 




by one exactly like it except that the plane B makes a 
much smaller angle with the relative wind we would And 
that the movable weight W would have to be much nearer 
C than before. This simple experiment proves the exist- 
ence of a force which tends to lift the plane and further 
that this force is greater as the angle is increased. This 
angle is called the angle of attack that the plane B makes 
with the air stream. The force which tends to raise the 
plane is called the lift, and evidently its value must de- 
pend upon the profile of the plane, the velocity squared, 
and the angle of attack. 

Besides the lift, there is another force which is due 
to the plane's velocity through the air, called the drift. 
This force is due to the fact that the plane itself offers 
resistance to forward motion through the air. In Fig. 6, 
A represents a bubble of air, BC a plane moving in the 
direction of the arrows. Now evidently one of two things 
must happen. Either the plane must force the bubble 
of air down or the bubble of air must force the plane up. 
This resistance that the bubble of air offers to being dis- 
placed, as we have seen, depends upon the square of the 
velocity with which it is forced out of the way. The 
total resistance offered by the bubble to the movement of 
the plane may be represented by the force P acting at 
right angles to the surface of the plane. The horizontal 
and vertical components of P are represented by D and L, 
respectively. 

If we were to let the air on the surface have its way, it 
would push the surface upwards in the direction of L 
and backwards in the direction of D at the same time. 

So we put weight on the surface, enough to overcome 
the force L, and then quite logically call this force the 
lift. And for U, we push against it, with the thrust from 
a propeller, and we call D the drift. 

This simple explanation enables us at once to state the 
reason why flight in heavier-than-air machines is possible. 
By pushing the inclined surface into the air with a hori- 
zontal force D, we create a pressure on the surface equal 
to P, the force of which D is the horizontal component. 
But by doing so we have also created the other component 
L, which is a lifting force, capable of carrying weights 
into the air. 
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Fig. 7 — Apparatus proving existence of bath lift and drift 

Considers t ion of this resolution into lift and drift at 
once indicates that the characteristics to be sought for in 
a surface are great lift with a very small drift, so that 
for a minimum expenditure of power a maximum load 
carrying capacity is obtained. 

Apparatus used to prove existence of lift and drift. — 
An apparatus used to demonstrate the existence of these 
forces is shown in Fig. 7. The inclined plane B is fast- 
ened to the arm S hinged to the carriage C at the point 
F. The carriage rests on a glass plate D and is shielded 
from the wind from the blower H by the screen E. It 



and drift. The screen £ is then removed and it is found 
that the carriage moves away very rapidly, thus showing 
the effect of the added head resistance due to the carriage 
itself. 

Suction on top of Plane 

The flat surface is seldom used for the aerofoils of an 
aeroplane. The following illustrations and explanation 
will help to show the reasons for not using it. 

The plane P (Fig. 8) has an opening at O connected 
to manometer II, while on the under side is a similar open- 
ing connected to the manometer N through the rubber tube 
T. .When the blower is started the manometer M shows 
suction at the point O on the upper side of the plane and 
N shows pressure on the under side of the plane. In 
other words, the plane is not only blown up, but it is 
sucked up as well. 

This is very effectively illustrated by a still simpler ex- 
periment. Fig. 9 shows the plane AB of heavy card- 
board to which is fastened a light strip of paper at the 
point A and left free at the point C. When the plane 
is placed in a wind blowing in the direction of the arrows 
the paper is seen to be drawn up to the position AC' away 
from the plane AB. 

Experiments at Eiffel Laboratory. — Fig. 10 shows the 
result of accurate measurements by M. Eiffel of the suc- 
tion on top of a plane and the pressure underneath. Fur- 



Fiu. 8 — Device for measuring comparative air pressures on 
upper and lower surfaces of an inclined plane 

is found that when the blower is started the plane B 
will lift and the carriage C moves slowly backward carry- 
ing the plane with it, thus proving the existence of lift 





Fio. 10 — Pressure diagram of upper and lower surfaces of 
inclined plane 

thermore, Eiffel has shown by recent experiments that 
when the angle of incidence of a flat plane is low, the 
value of the suction on the upper surface is considerably 
more than that of the pressure on the under surface. 
Thus in this case it is the upper side of the plane which 
contributes most towards the creation of the lift, a func- 
tion increasing as the angle grows smaller. This fact 
shows that the profile of the upper surface of a plane has 
as much, if not more, importance from the standpoint of 
the value of lift than that of the under surface. 

Center of Pressure 
In Fig. 1, it is evident that the wind's force on the 
plane B could be entirely replaced by a single force act- 
ing at the center of the plane. The fact that this point 
would be the center of the plane is due to the fact that 
the wind strikes the plane absolutely symmetrically. On 
an inclined plane, however, the action of the wind on 
the front or advancing edge of the plane is different from 
that on the rear or trailing edge of the plane; hence, we 



288 



TEXTBOOK OF APPLIED AERONAUTIC ENGINEERING 



can no longer say that the center of pressure is at the 
geometrical center of the plane. 

The result of the double action of the air-current with 
pressure below and suction above, both unequally dis- 
tributed, is that the total reaction on the plane is ap- 
plied at a point C (Fig. 11) nearer to the leading edge 
A than to the trailing edge B. This point C is called the 



Fig. 11 — In a flat plane, center of pressure C moves toward 
the leading edge A as the angle of incidence becomes smaller 

center of pressure of the plane. In a flat plane, C moves 
toward the forward edge as the angle of incidence becomes 
smaller, until when the angle is zero it reaches the point A. 
The curve, Fig. 12, shows the position of the center of 
pressure on a flat plane for different angles of attack. 
It will be noticed that from 15 deg. to deg. the center 
of pressure moves very rapidly towards the front of the 
plane A. The wind is supposed to be blowing from the 
right in a direction perpendicular to AB. Aeroplanes al- 
most never fly with an angle of attack greater than 15 
deg. This change in position of the center of pressure 
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Fig. 1-2 — Location of center of pressure on flat surface for 

various angles of attack 

very easily can be proven by a well-known and very 
simple experiment. If we take a strip of light card- 
board about 8 in. long by 1^ in. wide we know that the 
center of gravity will pass through the geometrical center. 
Now if we were to project this through the air in a hori- 
zontal position with the long side forward, the center of 
pressure being at the front end and acting upwards, 
while the weight at the center of gravity acts downwards, 
a couple would be produced causing the plane to rotate 
with the advancing edge going up. This shows that the 
center of pressure is near the front edge. 

We cannot change the center of pressure but we can 



change the position of the center of gravity by placing 
a small lead weight on the front edge. Then if the cor- 
ners at A and B, Fig. 13, are turned slightly upwards 
while the whole is 4 given a lateral dihedral angle as shown 
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Fig. 13 — Center of pressure located close to forward edge of 
cardboard strip used in simple experiment 

in the lower part of Fig. IS, the plane on being projected 
in the air is seen to glide almost perfectly. A little prac- 
tice is necessary in adjusting* the weight. 

Figs. 14 and 15 show pressures and the path of the 
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Fig. 14 — Pressure diagram for upper and lower faces of curved 
surface with inclined chord. Compare with Fig. 10 




Fig. 15 — IxKation of center of pressure on a curved surface at 
various angles of attack. Compare with Fig. 12 

center of pressure for a curved surface. It will be noted 
first how greatly the suction effect on the top of the plane 
has been increased, and that from zero to 15 deg. (see 
Fig. 15) the center of pressure moves in exactly the re- 
verse direction from the way it does in a flat plane. This 
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latter effect has a very important bearing when we come 

to stability. 

Cambered Planes 

Fig. 16 is a rough sketch of what one might call a typ- 
ical wing section. Note the difference in profile between 
the top and bottom surfaces. The chord may be defined 
as the straight line which is tangent to the under surface 
of the aerofoil section, front and rear, and the angle of 
attack as the angle between the relative wind and the 
chord of the aerofoil. We may write the following sim- 
ple expression for the lift and the drift: 

The Lift (L) = k L 6V* 
The Drift (D) = L/r. 



bft 
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Fig. 16 — Sketch of a typical wing section with aeronautical 

terms indicated 

The coefficient k L depends upon the shape of the aerofoil 

and the angle of attack and must be determined experi- 
mentally. The quantity r, also determined experimen- 
tally, is called the lift-drift ratio and measures the effi- 
ciencv of the aerofoil. 
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Fio. 17 — Curves showing values of k L and Lift/Drift ratio for 

a typical wing section 



Fig. 17 gives two curves for an aerofoil of the section 
shown. The first curve gives the values of the quantity 
k L for different angles of attack, while the second curve 

gives the values of the lift-drift ratio. 

For example, suppose that an aeroplane with aerofoils 
of the type shown, lifting surface 60 sq. ft., is flying at 
an angle of attack of 11 deg., and with a velocity of 70 
m.p.h. What will be the lift and the drift? 

From the chart, Fig. 17, we find that for this type of 
plane and angle of attack k L = 0.0028 and r = 1 1, hence, 

L = k L SV2 = 0.0028 X 60 X (70)2 = 823 lbs. 

L 823 
D = = = 75 lbs. 

r 11 

If now we change the angle of attack to 3 1 /!* deg., keep- 
ing the surface and velocity the same, we find from the 
chart that k L = 0.0014 and r= 13.5, hence, 

L = kSV2 = 0.0014 X 60 X (70)2 = 412 lbs. 

L 412 

D = = = 30 lbs. 

r 13.5 

Horizontal Flight 

For horizontal flight the lift produced by the machine's 
velocity must at all times exactly equal its weight. For 
if the lift were less than the weight, the plane would 
fall, while if the lift were greater than the weight, the 
machine would begin to climb. We therefore can replace 
the lift by the weight W. Then we would have for hori- 
zontal flight: 

Weight (W)=k L SV 2 

and the drift (D) = W/r. 

For example, a given aeroplane weighs (with load) 
1800 lbs. Its aerofoils are of the type illustrated and 
the lifting surface is 120 sq. ft. What will be its ve- 
locity for horizontal flight at an angle of attack of 12 
deg. ? 

From the chart, Fig. 17, we find that for this type 
of plane and angle of attack, kL = 0.0029, whence, 

L = W = k L S V2 or 1,800 = 0.0029 X 120 X V* 



transposing, V2 = 



1,800 



.0029 X 120 



= 5,172 



hence, V= V5,172 = 72 m.p.h. 

If now we reduce the angle of attack to 5 deg., the 
chart, Fig. 17, shows that k L becomes 0.00175, whence, 

1,800 = 0.00175 X 120 X X* 

1,800 
transposing, V2 = 



= 8,572 



0.00175 X 120 



hence, V = V 8,572 or 92 -f m.p.h. 

The above example illustrates this important principle 
that, since a machine in horizontal flight, except for a 
slight loss due to consumption of gasolene, maintains a 
constant weight and a constant surface and since k L for 

a given plane depends solely upon the angle of attack, the 
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velocity for horizontal flight is completely determined 
when we know the angle of attack. Now since the pilot 
can control the angle of attack by means of his elevators 
he can control the velocity for horizontal flight. 

Fig. 18 shows four different positions of the plane cor- 
responding to four different angles of attack. In each 
case the machine is flying horizontally, though at first 
sight one might think that in position * the machine was 
climbing. 
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FOUR POSITION'S FOR FLIGHT 

(1) Minimum ang le.— This is the smallest angle at which hori- 
zontal Bight can be maintained for a given power, area of surface, 
and total weight. The minimum angle gives the maximum hori- 
EOntal flight velocity at low altitude. Note that the propeller 
axis is inclined slightly downwards when flying at this angle. 

(2) Optimum anglt.— This is the angle at which the Ilft-drift 
ratio is highest. In modern airplanes the propeller axis is gen- 
erally horizontal at the optimum angle, as shown at (2) in the 
above figure. Note that In the position shown the velocity of 
the airplane will be less than when flying at the minimum angle. 
The effective area of wings and angle of incidence for the opti- 
mum angle are such as to secure a slight climbing tendency at 
low altitude. 

(3) Brit climbing angU. — This angle is a compromise be- 
tween the optimum and maximum angles. Modern airplanes are 
designed with a compromise between climb and horizontal veloc- 
ity. At this angle the difference between the power developed 
and the power required is a maximum, hence the best climb is 
obtained at this angle. See Fig. 22. 

, (*) Maximum angle.— This is the greatest angle at which 
horizontal flight can be maintained for a given power, area of 
surface and total weight. If the angle is increased over this 
i, the lift diminishes and the machine falls. 



It would seem at first that we have entirely neglected 
the engine, especially as there is a general impression 
that the velocity of a machine depends upon the power 
of the engine, while as a matter of fact the form of wing 
sections together with the plane's dimensions are equally, 
if not more, important. In the preceding discussion we 
have simply assumed that the engine had the necessary 
power to maintain the plane at such a velocity as was 
determined by that angle of attack at which the pilot 
drives the machine. 

Engine Power 

The power of any engine is measured by the velocity 
at which it can move a body against a given resistance, 
and its unit, the horsepower, may be defined as the power 
required to lift one pound 33,000 ft. in one minute or 
375 miles in one hour, or the power required to lift 375 
pounds one mile in one hour. 

We must therefore multiply the total resistance offered 
to the aeroplane, which consists of the drift plus the para- 
site resistance multiplied by the velocity of the machine, 
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Fio. 19— Value of k L and Lift/Drift ratio for a given machine 

and divide the result by 375 to get the horsepower re- 
quired. Or, written as a formula: 



(Drift + Parasite Resistance) X Velocity 
375 



= Horsepower 



From the above expression for horsepower, it will be 
noted that since the drift for a given machine depends 
solely upon the angle of attack, and the parasite resist- 
ance depends upon the square of the velocity, which in 
turn depends upon the angle of attack, we may state that 
for a given machine with its load, the horsepower is com- 
pletely determined when we know the angle of attack at 
which the machine flies. 

Fig. 19 corresponds for the entire machine to Fig. 17 
for the aerofoil itself and gives the value of k L for a given 
machine, as well as the lift-drift ratio. 

Fig. 20 gives in the heavy curve the power required 
to drive the machine at the angles of attack marked on 
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— Showing power required at different angles, also 
power delivered 
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the curve, which correspond to the speed in miles per 
hour given at the bottom. The other set of curves, four 
of them dashed and one a light line, give the power de- 
livered to the machine by the engine through the pro- 
peller. The latter would be straight horizontal lines were 
it not for the fact that the efficiency of the propeller varies 
with the velocity of the aeroplane. The ordinates as 
shown on the left side of the diagram correspond to 
horsepower. 

Let us consider the case where the engine is making 
1200 r.p.m. It will be seen that if the pilot changes his 
elevators so as to fly with an angle of attack of a little 
less than 1 deg., or of a velocity of about 82.5 m,p.h., he 
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Fig. 21 — Showing rapid changes in wind velocity in short 

spaces of time 

will be using every particle of power that his engine can 
deliver at that speed. Any slight decrease in the angle 
of attack will cause him to go down probably in a nose 
dive. As he increases the angle of attack we come to a 
point where the distance between the two curves, power 
delivered and power required, is the greatest. Here we 
will have the greatest excess of power over that used for 
horizontal flight, all of which can be used in climbing. 
Hence that point will be the position for maximum rate 
of climb. It is indicated by the vertical dash line marked 
maximum climb at an angle of attack of a little less than 
6 deg. or a velocity of a little over 55 m.p.h. Increas- 
ing his angle of attack still further, or at about 8 deg., 
which is the lowest point on the curve, where the horse- 
power required for horizontal flight is only 30, we get 



a point of most economical flight. Then, as we decrease 
the angle of attack, the power required rises rapidly until 
at 40 m.p.h. the two curves cross again and any increase 
in the angle of attack would cause the machine to stall in 
the sense of going down, which might take the form of 
either a nose dive or tail slip. It is well to compare this 
with Fig. 18. 

It is also interesting to compare this with Fig. 21, 
taken from Langley's The Stored Energy of the Wind, 
and which illustrates the rapid changes in the velocity 
of the wind occurring in short intervals of time. The 
vertical lines represent spaces of one minute and the hori- 
zontal lines wind speeds differing by 4 m.p.h. It will 
be noticed that between 32 and 24 min. the wind fell 
from about 37 m.p.h. to 12 m.p.h. and rose again to 38 
m.p.h. On account of the momentum of the aeroplane 
it would be practically impossible for its actual velocity 
to change with anything like that rapidity, and as the 
lift depends upon the square of the velocity it is evident 
that the pilot would experience a series of " bumps " 
when the velocity increased, and momentary drops when 
the velocity decreased. The feeling has been likened to 
a motor boat driving rapidly through a choppy sea. 

Power to Climb 

Suppose the center of gravity of a machine be moving 
in the direction AB, Fig. 22, with a velocity of V miles 




Fio. 22 — Calculation of power required to climb 

per hour. The horsepower will then be the sum of two 
components, viz., that necessary to overcome the wind 
resistance, as already given for horizontal flight, and that 
necessary to lift the machine through the distance CB in 
the time required for the machine to travel from A to B. 
Now if AB be taken to represent the % distance the machine 
travels in an hour, BC would then represent the velocity 
of climb. The power consumed in climbing is equal to 
the product of the weight of the machine in pounds by 
the velocity of climb in miles per hour divided by 375. 
Let us call AB/BC the climbing ratio R which gives us 
BC = AB/R = V/R. We will have then the power ex- 
pended in the climb alone equal to WV/R, and the total 
horsepower becomes: 

(drift + parasite resistance )V WV 
Horsepower = f- 



375 



375 R 



The case of special interest is where the horsepower 
becomes zero. This is the condition when the engine is 
shut off on a glide. 
When, 

(drift -f parasite resistance )V WV 

+ = o, 



375 



375 R 
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Fig. 33 — Showing how drift, parasite resistance and gliding 
motion depend upon angle of attack 

It should be noted that the value of R' is negative, due 
to the fact that the machine is gliding toward the earth. 
Now since both drift and parasite resistance depend upon 
the angle of attack, the gliding velocity and slope depend 
upon the angle of attack, and are under the control of 
the pilot. This is illustrated in Fig. 23. 

• Stability 

One of the most important considerations in an aero- 
plane is stability, which is generally considered under 
three headings, viz., longitudinal, lateral and directional. 

Longitudinal liability. — This stability is needed to 
keep the aeroplane from pitching nose downward or tip- 
ping backward, nose up and tail down, whenever a gust 
or eddy is encountered. 

Flat surfaces are longitudinally stable because, as 
shown in Fig. 12, the center of pressure moves toward 
the leading edge as the angle of incidence is decreased. 
Fig. 25 shows four positions of a flat surface moving 
from right to left. Moving horizontally as in position A 
the center of pressure is at the leading edge, and when in 
the vertical position D the center of pressure coincides 
with the transverse center line of the surface. However, 
suppose the surface to be moving as at C and a sudden 
gust of wind tips it into position B with a lesser angle 
of incidence. Then the center of pressure moves for- 
ward, introducing a greater moment and tending to force 
the plane back into its original position C. On the other 
hand, if the surface assumes too great an angle, the cen- 
ter of pressure moves back and the rear is forced up, 
causing the surface again to resume its original position 
C. Thus, if it were not for the fact that the flat surface 
has a very poor ratio of lift to drift, it could be used in 
aeroplanes to advantage, due to this inherent longitudinal 
stability. 



Next consider Fig. 26, giving three positions of a cam- 
bered surface, which has a much greater lifting efficiency 
than a flat surface. It is also supposed to be moving 
from right to left. In position C the center of pressure 
coincides with the transverse center line. Supposing this 
surface to be moving in attitude B with the center of 
pressure at approximately the position indicated. If it 
is suddenly tipped into position A, it will be seen that 
the front part has a negative angle of incidence, which 
results in a downward pressure on this portion. The cen- 
ter of pressure of the surface being the resultant of all 
forces acting, it is obviously affected by this action at the 
front, and moves backwards. If the surface is tipped 
still further, the backward movement of the center of 
pressure is increased and therefore there is still less tend- 
ency to push the front up, when such a tendency would 
be most desirable. On the other hand if the angle of in- 
cidence becomes suddenly greater than the normal posi- 
tion B, the pressure on the front edge decreases and the 
resultant center of pressure moves forward, thus tend- 
ing to push the front up and give the surface a still greater 
angle of incidence. 

Therefore, it is necessary to have some way of com- 
pensating for this instability of cambered surfaces, and 
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Fig. 25 — The center of pressure of a flat plane moves forward 
as the angle of incidence is decreased 
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Fio. 26 — The center of pressure of a curved surface moves 
forward with decreasing angles of incidence up to about 12 deg. 
Below this angle it reverses and moves toward the center again. 
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Fio. 27 — Illustrating how the rear surface has its angle of 
incidence reduced in greater proportion than does the front 
surface when the combination is tipped downward. 

this is done by the use of an auxiliary stabilizing surface 
some distance back from the main surface and set at a 
lesser angle of incidence than the main surface. Such a 
stabilizer is a necessary feature of all modern aeroplanes. 
Fig. 27 shows two such surfaces in tandem, thus forming 
an elementary aeroplane. Consider the aeroplane to be 
traveling horizontally with the angle of incidence of the 
main surfaces 6 deg. and the rear one-third of this, or 2 
deg. Now supposing a sudden gust pitches the plane into 
some such position as shown in the lower part of the dia- 
gram. The angle of incidence of both surfaces is now 
reduced say 1 deg., the main surface being at a 5 deg. 
angle and the rear surface at 1 deg. In other words, 
the main surface has lost only about 17 per cent, of its 
angle of incidence, whereas the stabilizer has lost 50 per 
cent. Consequently the stabilizer has lost more of its lift 
than the main surface, and it therefore must fall relative 
to the position of the main surface, bringing the combina- 
tion back into normal position again. On the other hand, 
if the front of the plane is suddenly forced up, the sta- 
bilizing surface receives a relatively greater increase in 
angle of incidence than the main surface, hence relatively 
greater increase in lift, causing the back end of the plane 
to be brought up until the combination again is normal. 

Lateral stability. — This stability is necessary to pre- 
vent the machine from rolling about its horizontal axis. 
It is difficult to secure, but is often promoted by having 
a slight lateral dihedral angle between the upper wing 
surfaces, as shown in Fig. 28. Should the aeroplane sud- 
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denly be tipped to one side, in the position shown to the 
right of the diagram, the planes on the down side become 
more nearly horizontal, whereas, those on the other side 
assume an angle still greater than they had when flying 
normally. Thus, the effective projected lifting surface on 
the side A is increased and that on side B is decreased, 
bringing the plane back to its normal lateral position. 
Other features are introduced to aid lateral stability, 
such as "wash in" on the left side to give this side slightly 
more lifting ability to compensate for the torque of the 
propeller. 

Directional stability. — Stfch stability aids in keeping 
the plane on its course. In order to prevent yawing with 
every gust of wind, the vertical tail fins present on nearly 
all modern planes are used. Referring to Fig. 29 A, sup- 
pose a sudden gust of wind to deflect the aeroplane from 
its normal course A so that the nose points off the course 
to the pilot's left, as indicated by the dotted lines in 
position B. This swings the tail around to the right so 
that the right side of the vertical fin presents a flat sur- 
face to the wind pressure resulting from the tendency of 
the machine still to move forward in the direction A, due 
to its inertia, even though it is temporarily pointing in 
direction B. A moment with arm r is thus set up, which 
tends to swing the plane back on its vertical axis until 
the fin is again parallel to the direction of the relative 
wind. The action is similar to that of a wind vane, the 
vertical fin of which always keeps it pointing in the di- 
rection of the wind. 
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CHAPTER X 
SHIPPING, UNLOADING AND ASSEMBLING 

Shipping instructions — Marking boxes — Methods of shippping — Railroad cars used — Unloading — Method of load- 
ing on truck — Tools required — Unloading from truck — Unloading uncrated machines — Opening boxes — As- 
sembling — Fuselage and landing gear — Center panel and wings. 



Shipping instructions. — Boxes in which aeroplanes or 
parts thereof are shipped should be marked with the fol- 
lowing : 

Destination, or name and address of consignee in full. 

Sender's name. 

Weight of box (gross, net and tare). 

Cubic contents (or length, width and height). 

Box and shipment number. 

Hoisting center. 

" This side up." 

Methods of shipping machines. — Machines are shipped 
either by loading in a railroad car without crating, or by 
crating in two boxes. In the latter case the wings, cen- 
ter section panel, tail surfaces, landing gear and propeller 
are removed from the fuselage, and the fuselage, landing 
gear, propeller and radiator are packed securely in the 
fuselage box. The other parts are packed in the panel 
box. All aerofoil sections are stood on their entering 
edges and securely padded to protect their coverings. 
Struts are stood on end. 

If the machine is not to be crated only the following 
parts are removed — wings, center section panel, tail sur- 
faces and propeller. The fuselage is loaded into the rail- 
road car and allowed to rest on the landing gear. The 
latter should be blocked up, however, to take the load off 
the tires of the landing gear wheels and off the shock 
absorbers. The fuselage must of course be securely fast- 
ened in the car to prevent movement in any direction. 
The wings and other separate parts are crated against 
the sides of the car. The wings are secured with their 
entering wedges down and carefully padded to prevent 
damage. 

Railroad cars used for transportation. — If possible 
open end or automobile cars are used for transportation 
of aeroplanes. Sometimes with crated machines gondola 
cars are used, and with uncrated machines, ordinary box 
cars having no end doors. In the latter case, however, 
it is necessary that the side doors of the railroad car be 
as wide as possible, to allow working the fuselage in and 
out without damage. 

For transporting machines (either crated or uncrated) 
from the railroad, a flat top truck is used. If the truck 
is short it will be necessary to use a trailer to support the 
overhang of the boxes. 

Unloading 

Method of loading on truck. — Before unloading a ma- 
chine, everything in the railroad car should be inspected 
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for loss or damage. If everything is O. K. proceed with 
the unloading, but if any loss or damage is discovered re- 
port fully at once to the receiving officer and await his 
instructions before doing anything further. 

The tools required for removal of aeroplane boxes from 
the railroad car are: 1 axe or hatchet, 2 crow bars, 6 or 8 
rollers and 100 ft. of 1 in. rope. 

The cleats holding the boxes to the car floor are first 
removed with the axe and crow bars, and the panel box 
removed from the car. If the fuselage box is not marked 
to show which is the front end it should be lifted slightly, 
if possible, first at one end and then at the other, to de- 
termine which is the engine end. This end, being the 
heavier, should come out first if possible. 

The truck is backed up to the door of the car, rollers 
are placed under the fuselage box and it is then rolled 
out onto the truck. The rope is now used to fasten the 
box to the truck. After this is done the truck is moved 
forward slowly and the box is thus pulled out of the 
car. If a trailer is to be used it should be placed under 
the box before the latter is taken all the way out of the 
car. 

When taking the fuselage out tail end first, the same 
methods are used, except that the light end is blocked up 
when removed from the car and a truck is put under the 
heavy end. 

When moving along roads care should be taken to go 
slowly over rough places, tracks and bad crossings. It is 
also a good policy to have a man on each side of the box 
to watch the lashings and see that nothing comes loose. 

Panel Box 

The wing box (or panel box) is removed from the car 
in the same manner as the fuselage box. 

Unloading boxes from truck. — For this work 2 planks 
about 2 in. x 12 in. x 12 ft. long should be used. These 
should be fastened to the end of the truck with one end 
resting on the ground, so that they will act as skids. The 
tail end of the fuselage box is depressed until it rests on 
the ground, then by moving the truck forward carefully 
the box will slide down the planks onto the ground. 

Unloading uncrated machines. — In this case all of the 
smaller parts should be removed first. Then the cleats 
and ropes are removed which hold the machine in the car. 
Two long planks are placed from the door of the car down 
to the ground and are used to roll the machine out of the 
car. 

Opening boxes. — A screw driver and bit brace should 
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be used to remove the screws in the top, sides and ends 
of the box. The top is removed first, then one side. All 
smaller parts of the machine should be taken out, after 
which the remaining side of the box is removed, and lastly 
the ends. 

Assembling a machine. — The landing gear should be 
put on first. To do this the fuselage must be raised by 
one of two methods. The first is by chain falls or block 
and tackle. The rope sling should be passed under the 
engine sill just to the rear of the nose plate. The tail 
of the machine is allowed to rest on the tail skid while 
the nose is raised. The second method is by shims and 
blocking. This latter method is the most common because 
chain falls are not always available. Enough blocks 
should be secured to raise the fuselage high enough to slip 
the landing gear underneath. The tail is first raised by 
2 men and blocks are placed under Station 5 or the rear 
wing section strut. The blocking must be directly below 
the strut and must have padding upon it. Then the tail 
is depressed and another block is put under the forward 
wing strut. This operation is then repeated until the 
fuselage is high enough for the landing gear when the ma- 
chine is blocked under nose and tail and the other blocks 



are removed. Three or four men are all that should be 
required for this second method. 

Assembling Wings 

After the landing gear is assembled the center section 
panel should be attached and approximately lined up. 
Then the wings are assembled. There are two methods 
for doing this; one is to put on the top planes, place sup- 
ports under the outer edges, then put in struts and lower 
planes and connect up the wires. The other method is 
to assemble the wings completely while on the ground. 
Wings are stood on their entering edge, struts are put in 
and wires tightened up to hold the wing sections together. 
Then the wings are attached to fuselage by turning them 
over and attaching the top wing first, then the lower wing. 
One side of the machine must be supported until the oppo- 
site set of wings is attached. After wings are all at- 
tached, then the tail surfaces should be assembled to the 
body. The horizontal stabilizer should go on first, then 
the vertical fin, rudder and elevators in the order named. 
On some machines the elevators will have to be put on 
before the rudder. After everything is assembled the 
machine is put in alignment. 
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Rigging deals with the erection, alignment, adjustment, 
repair and care of aeroplanes. 

Aeroplanes are of light skeleton construction with parts 
largely held together with adjustable tie wires, hence they 
easily can be distorted or their adjustment ruined by care- 
less or improper rigging. The efficiency, controllability, 
general airworthiness and safety of machine and pilot 
therefore depend very largely upon the skill and con- 
scientiousness of the rigger. 

For purposes of description the aeroplane may be di- 
vided roughly into three parts (exclusive of the power 
plant). These are the body or fuselage, the wings or 
aerofoils and the landing gear. 

The fuselage is the main structural unit of the aero- 
plane. It provides a support and housing for the power 
plant, contains the cockpit for the pilot, and the instru- 
ments and control mechanism. The rear end of the fuse- 
lage carries the rudder, elevators, stabilizing fins and the 
tail skid. The wings or aerofoils are attached to the 
fuselage through suitable hinged connections or brackets 
and the fuselage is supported by the wings when the ma- 
chine is in the air. Conversely the wings are supported 
from the fuselage when the aeroplane is on the ground, 
as in that case the whole weight of the machine is sup- 
ported by the landing gear and the tail skid, both of which 
are attached under the fuselage. 

The body or fuselage is of trussed construction, a form 
which gives great strength and rigidity for a given weight 
of material. Parts assembled together in the form of a 
truss are spoken of as members. Those which take a 
thrust only are called compression members, while those 
resisting a pull are known as tension members. 

Other members may be either tension or compression 
members, depending on how the load or force is applied 
to them at any given time. There are also members 
subject to a shearing stress and others to cross-bending 
or compound stresses. 

The fuselage is usually constructed with four main lon- 
gitudinal members running the full length. These are 
called longerons. They are separated at intervals by 
compression members termed struts. The whole struc- 
ture is in turn tied together and braced by means of 
diagonal wires, fitted with turnbuckles for adjustment, 
which go under the general name of wire bracing or 
stay wires. 

Stay wires in certain parts of an aeroplane are desig- 
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nated as flying, ground, drift, anti-drift, etc. These will 
be considered later. 

That part of the surface of the fuselage which is 
bounded by two struts and two of the longerons is known 
as a panel. The points at which the struts join the 
longerons are called panel points or stations. The cu- 
bical space enclosed by eight struts and the four longerons 
is called a bay. Some makers, Curtiss for instance, num- 
ber the stations in the fuselage from front to rear call- 
ing the extreme front station No. 1. Others, such as 
the Standard, number these stations from the rear toward 
the front, calling the tail post zero. 

The longerons are made of well-seasoned, straight- 
grained ash. They are curved inward toward the front 
end and usually terminate in a stamped steel nose plate. 
This is true particularly of aeroplanes equipped with en- 
gines of the revolving cylinder type. The nose plate is 
stamped from plate steel about .10 in. in thickness. This 
plate not only ties the longerons together at the front end 
of the fuselage, but supports one end of the sills on which 
the engine rests. In some types of planes it also forms 
a bracket for supporting the radiator. In other types 
of aeroplanes the longerons may terminate at the front 
end of the fuselage in an open frame which forms the 
support for the radiator and also supports, the front ends 
of the engine bearers or sills. The two upper and the 
two lower longerons are brought together in pairs one 
above the other at the rear end of the fuselage, and are 
joined to the tail post or vertical hinge post on which 
the rudder is mounted. 

Lightened Construction 

In order to lighten the construction of the fuselage as 
much as possible, the rear portions of the longerons are 
often cut out to an I section and spruce is often substi- 
tuted for ash for the rear half, suitable splices strength- 
ened with fish plates being used wherever joints are made 
in the longerons. It is possible to lighten the rear por- 
tion of the fuselage in this way for the reason that this 
part of the body does not support as much weight or 
undergo as severe stresses as the forward portion. 

In a machine of neutral tail lift (one in which the rear 
horizontal stabilizers are set at such an angle that they 
barely sustain the weight of the rear portion of the ma- 
chine when flying horizontally in the air) the stresses in 
the longerons are exactly the opposite when the machine 
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is in the air to those obtaining on the ground. When the 
machine is at rest on the ground it is supported near the 
front and rear ends of the fuselage by the landing gear 
and the toil skid. This method of support produces ten- 
sion in the lower longerons and compression in the upper. 
When in the air the machine is supported by the wings 
which are attached to the fuselage at tile center wing 
section. The system of supports, trusses and stay wires 
between the upper and lower wings transfers most of the 
support from the wings to the center panel section of 
the upper wing. This results in tension in the upper 
longerons and compression in the lower. 

The fuselage struts are usually made of spruce, al- 
though ash is sometimes used. The struts are joined to 
the longerons by means of metal clips. The construction 
of the clips, which are usually bent in U shape, is such 
that each forms a partial socket for receiving the end of 
a strut or struts. In general, struts are subjected to 
compression only. For this reason spruce is the favorite 
wood for struts as it is very strong along the grain in 
tension or compression. The strength of steel, weight 
for weight, would have to be 180,000 lbs. per square inch 
to equal spruce for this purpose. Spruce is not, however, 
very strong across the grain and splits readily, hence it 
is not a great favorite for parts subject to shearing or 
cross-bending stresses. On account of the liability of 
spruce to splitting, the ends of the struts are sometimes 
encased in copper ferrules or bands. This prevents crush- 
ing, splitting and chafing. 

Compression Struts 

When a member is subjected to a compression force it 
tends to bend or buckle in the center. To resist this tend- 
ency, struts subject to compression stress arc made larger 
in the center than at the ends. 

Ash is selected for the longerons because it is strong 
for its weight (about 38 lbs. per cu. ft.), very elastic and 
can be obtained in long, straight-grained pieces free from 
defects. It is strong across the grain so that it is able 
to resist the compression due to clips and struts attached 
at various points on the longerons. 

The metal clips in which the ends of the struts are 



mounted are punched from sheet steel, then pressed to 
form. They are frequently made of two or three sep- 
arate pieces which are then electrically spot-welded to- 
gether. They are made of .28 to .30 per cent, carbon 

The lower cross- members of the fuselage at stations 3 
and 4, numbered from the front, terminate in a half hinge 
to which the lower wing sections are attached on either 
side of the fuselage. These cross-members serve as com- 
pression members when a machine is on the ground, but 
when it is in the air they become tension members. 

Engine Bearers 

The engine bearers are made of spruce with a strip of 

ash glued on top and bottom. They are further protected 

against crushing, at points where the engine supporting 

arms rest on the sills or stringers, by means of a copper 

There is usually a fire screen between the engine space 
and the cockpit. This is to prevent injury to the pilot 
so far as possible in case of a back fire or fire in the 
engine space. * 

The seat rails are short longitudinal members forming 
supports for the pilot's and observer's seats. These rails, 
which are mounted on either side of the fuselage, are at- 
tached to adjacent vertical struts at the proper distance 
above the lower longerons. 

The rudder bar is a cross bar pivoted at its center and 
mounted a short distance above the Aoor of the fuselage. 
It is used to control the vertical rudder and is operated 
by the pilot's feet. Ordinarily the ends of the rudder 
bar project through the sides of the fuselage, working in 
suitable slots cut for them, and the rudder wires are at- 
tached to the ends of the rudder bar outside of the fuse- 
lage. In machines fitted with dual controls there are, 
of course, two rudder bars and these are fastened together 
by means of wires connecting their outer ends. The rear 
of the two rudder bars is then connected to the vertical 
rudder in the usual way. 

Wing section struts are vertical or diagonal struts 
mounted above the fuselage and attached by means of 
strut sockets to the upper longerons. The wing section 
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struts are used to support the center wing panel when 
the machine is on the ground and when in the air they 
help to support the fuselage from the center panel, the 
latter being supported partly by the upper wing sections 
which are attached on either side of it and partly by the 
lower wing sections which are braced to the upper sections 
and also attached on either side of the fuselage as pre- 
viously described. 

The strut sockets in which the lower ends of the wing 
section struts are mounted consist of U-shaped steel plates 
firmly attached to the upper longeron. The wing section 
struts are mounted between the side walls of the socket, 
usually by means of a heavy through-bolt. 

Standard Fuselage Construction 

The type of fuselage just described, which is of wood 
and metal construction, may be said to represent standard 
practice in this country at the present time. There are, 
however, other types of construction, such as the all-steel 
fuselage. In this the shape of the members and the meth- 
ods of joining them follow closely standard methods in 
structural steel work. It is claimed for the all-steel con- 
struction that it is lighter for a given size machine than 
the wood and metal or composite construction. 

The fuselage is usually covered either with canvas or 
linen material similar to that used for wing coverings or 
else with very thin panels of veneered wood. In the 
former case the longerons, struts and braces must carry 
all the weight and take up all the stresses to which the 
fuselage is subjected, but when a veneered wood covering 
is used, it contributes materially to the strength of the 
fuselage, consequently the framework of the latter may 
be made lighter. 

There are also fuselages of the monocoque type in 
which the strength is obtained not by a truss construction, 
but by the form and nature of the outer shell itself, this 
being made up of alternate layers of thin wood veneering 
and cloth until the desired thickness and strength are ob- 
tained. The various layers of wood veneering are laid 
with the grain running in different directions in the differ- 
ent layers. This type of shell or body, which is usually 
somewhat fish-shaped, possesses the necessary strength 
and elasticity without the system of struts and tie wires 
common to the ordinary or trussed type of fuselage. The 
monocoque construction possesses one marked disadvan- 
tage, however, and that is that it is very hard to repair 
in case of slight damage. 

It may be added that the monocoque or laminated wood 
construction is far more common in foreign countries, par- 
ticularly France and Germany, than in the United States. 

Landing Gear 

The landing gear is an assembly of struts, fittings, axle, 
wheels, shock absorbers and bracing wires whose function 
is to enable the machine to rise from and land on the 
ground and to furnish the main support of the machine 
when resting on the ground. 

The struts of the landing gear are of streamline shape 
to reduce the resistance when flying. They are usually 
made of well-seasoned, straight-grained ash or spruce. 
Very often they are further strengthened by several wrap- 
pings of linen twine. The struts with their fittings con- 



stitute important members and should be carefully exam- 
ined at frequent intervals. Failure or collapse of these 
struts would be almost certain to cause a serious accident 
when landing. 

These struts are attached to the lower side of the fuse- 
lage, usually to the lower longerons themselves by means 
of metal socket fittings. The lower ends of the struts 
on each side of the landing gear are joined together by a 
metal bridge. This bridge not only serves to tie the 
lower ends of the struts together, but it also forms a yoke 
or housing in which the axle box plays up and down. 
The bridge is made of a steel stamping or drop forging. 

The axle box may be in the form of a whole box or a 
half box. When it is in the form of a half box it is gen- 
erally called a saddle. Its purpose is to support the 
axle and to guide its vertical motion in the bridge. The 
saddle may be either of bronze or aluminum. It is held 
in its place in the bridge by a wrapping of elastic cord, 
which consists of a number of strands or bands of rubber 
bunched together and enclosed in a loosely-braided cover- 
ing. 

The assembly of the saddle, bridge and elastic cords 
; s called the shock absorber. 

The axle is made of steel tubing and is enclosed, be- 
tween the bridges connecting the pairs of struts, in an 
axle casing. This is made of wood, or sheet metal, built 
around the axle itself and is of streamline shape or sec- 
tion to reduce air resistance. 

The wheels are the ordinary type of wire wheels of 
rather small diameter and usually fitted with pneumatic 
tires. They do not, however, ordinarily run on ball bear- 
ings, as a slight amount of friction in the wheel bearings 
• is of little or no consequence when leaving the ground 
at the commencement of a flight, and it assists somewhat 
in bringing the machine to a stop without going too far 
after alighting. The sides of the wheels are covered with 
linen cloth discs to decrease air resistance. 

Not all landing gears are like the one described, but 
this may be taken as standard practice. Some are pro- 
vided with a skid or a single wheel projecting ahead of 
and above the main wheels for the purpose of preventing 
the machine from taking a header or nosing into the 
ground on landing, in case it strikes the ground at too 
sharp an angle. Other minor details of construction will 
be noted, too, on different types of machines, particularly 
in the construction of the shock absorbers. 

The tail skid is a skid or arm projecting below the fuse- 
lage near its rear end. The purpose of the tail skid is 
twofold; first, to support the rear end of the aeroplane 
when on the ground or in landing, and prevent damage to 
the rudder and elevators and their controls, and secondly, 
to act as a drag or brake to assist in bringing the machine 
to a stop when landing. The tail skid is frequently hinged 
or pivoted where it is attached to the lower longerons and 
its upper end, extending above the pivotal point, fitted 
with rubber cords similar to those used in the shock ab- 
sorbers on the axle of the landing gear. This construc- 
tion acts the same way as the shock absorber and prevents 
damage to the empannage and rear portion of the fuselage 
when landing. 

Aeroplanes are often fitted with wing skids which con- 
sist of small auxiliary skids under the outer ends of each 
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lower wing. These skids ordinarily do not come into 
action and are only provided to prevent damage to the 
outer wings in alighting on rough ground or in case a 
sudden side gust of wind should tend to upset the machine 
when alighting or rising. 



Landing Gear of Seaplanes 
Seaplanes and flying boats are of course fitted  
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entirely different types of landing gear from that de- 
scribed. Seaplanes are fitted with pontoons or floats suit- 
able for arising from and alighting on the water. Usually 
there are one or two main pontoons under the forward 
section of the fuselage, these corresponding roughly to 
the "lain landing gear of the aeroplane. There is also 
a smaller pontoon mounted under the rear end of the fuse- 
lage and one under the outer end of each wing to prevent 
the wings dipping or the whole machine upsetting in rough 
water. The flying boat is so constructed that the whole 
fuselage is in the shape of a boat and the whole machine 
is therefore supported on the fuselage when resting on 
the water and when alighting and rising from the water. 
The flying boat is also usually fitted with small auxiliary 
pontoons under the outer edge of the wings to keep the 
machine steady in rough water. 

Standard Wing Construction 

The main members running the full length of the wing 
are called the spars. They are usually spoken of as front 
and rear spars. Sometimes the front spar is called the 
main spar. 

The cross members joining the spars together are 
called ribs. There are two kinds of these, compression 
ribs and the web ribs. The function of the web ribs is 
merely to support the linen covering of the wings and 
to resist the lifting force of the air, due to the forward 
motion of the aeroplane. There is not much end pres- 
sure against these ribs, therefore, the central portion is 
cut out for the sake of lightening them. The function of 
the compression ribs is not only to resist the lifting force 



of the air, but also to take the thrust due to the stay 
wires. 

The ribs are not continuous, that is, they ciu_ not pass 
through the spars. The ribs are made in three sections, 
the nose section, center section and tail section. The nose 
section of a rib is the section which projects forward of 
the front or main spar. The center section is the section 
between the front and rear spars. The tail section of the 
rib is that which projects to the rear of the rear spar. 
The nose sections and tail sections are sometimes called 
nose ribs and tail ribs and are also frequently spoken of 
as nose webs and tail webs, because they are cut out to a 
web form. These rib sections are not, of course, called 
upon to stand compression stresses, as these stresses are 
all centered in or taken through the front and rear spars. 

A thin strip of wood running from the nose web across 
the spars to the rear end of the tail webs (lengthwise of 
the aeroplane itself) and serving to bind all the wing 
parts or ribs together, is called the cap strip. There is a 
top cap strip and a bottom cap strip on each set of ribs. 

Entering and Trailing Edges 

The front edge of the wing section which is the part 

carrying the nose webs or nose ribs is called the entering 

edge of the wing. The rear edge of the wing is known 

as the trailing edge. 

The nose webs are tied together by a strip of spruce 
running full length of the wing or crosswise of the aero- 
plane itself. This strip forms the leading edge of the 
wing and is called the nose strip. From the nose strip 
to the front or main spar, on the upper side of the wing, 
there is a covering of thin laminated wood called the nose 
covering. Its purpose is to reinforce the covering fabric 
as it is at this point that the effect of wind pressure due 
to velocity is most severe- 
Secondary nose ribs are placed between each pair of 
full ribs to give additional support to the nose covering. 
There are usually two rod-like members running from 
end to end of the wing through the central part of the 
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ribs. These are called stringers and are used for the 
purpose of giving lateral stiffness to the ribs. 

The trailing edge of the wing is made of thin flattened 
steel tubing attached to the tail webs by metal clips. 

The spars are continuous throughout their length. Fur- 
thermore, they have reinforcements of' wood at the points 
where the interplane struts connecting the upper and lower 
wings are attached. Steel bearing plates are bolted to 
the wing spars at these points. The bolts attaching 
these bearing plates to the wing spars do not pass through 
the spars themselves, but through the reinforcements. 
This is to avoid weakening the spars. 

Nearly all wood used in wing construction is spruce, 
with the exception of the nose covering which is made of 
birch or gum wood, the web ribs, which are made of lam- 
inated wood, and small quantities of pine or other woods 
in the sidewalk and other unimportant places. 

The sidewalk is a boxed-in or wood-covered portion 
of the inner end of the lower wing. It furnishes a solid 
footing for the pilot or observer when entering or leaving 
the cockpit and for mechanics working around the engine, 
guns, instruments, control mechanism, etc. 

Steel hinge pieces are bolted to the inner ends of the 
wing spars and serve as a means of connecting the lower 
wings to the fuselage and the upper wings to the center 
wing panel. 

Interplane struts are vertical or inclined wooden struts 
of streamline section used to transfer compression stresses 
from the lower wings to the upper wings when the ma- 
chine is in flight. These struts are used in conjunction 
with diagonal stay wires which serve to transfer the load 
towards the center of the machine when in flight. 

The stay wires are divided into two general groups, 
those which take the drift load or fore-and-aft stresses 
due to the forward motion of the aeroplane, and those 
which take the lift load or vertical load due to the weight 
of the machine itself and the vertical resistance when in 
the air. The lift wires are again divided into those 
which take the load when the machine is flying and those 
which take it when on the ground. The wires which take 
the lift load when the machine is in the air are called the 
flying wires, and those which take the load when on the 
ground are called ground or landing wires. 

Drift and Anti-Drift Wires 

The set of wires in the wings which carry the drift 
load when flying are called the flying drift wires, or drift 
wires for short. There is no reversal of load in these 
wires when the machine is on the ground, but opposition 
wires are necessary to maintain structural symmetry. 
These latter are called the anti-drift wires. 

When the wings are covered it is of course impossible 
to inspect the internal stay wires of the wings, hence 
every precaution must be taken to guard against corro- 
sion. The wire used at this point is tin coated before 
assembling, the steel parts of the turnbuckles and other 
fittings are copper plated and when completely assembled, 
all the metal parts are given a coat of enamel paint. All 
screws, tacks and brads are of brass or copper. 

Wings are covered with a closely woven fabric. At 
present unbleached linen seems to give the best satisfac- 
tion. Owing to its scarcity, however, a satisfactory sub- 



stitute is being sought for. A cloth made of long fibre 
sea island cotton is used to some extent and makes a 
fairly satisfactory substitute. 

Linen fabric weighs 3 1 /-* to 4% oz. per sq. yd. and has 
a strength of 60 to 100 lbs. per in. of width. Its strength 
is increased 25 to 30 per cent, by doping, however. The 
weight of cotton fabric is 2 to 4 oz. per sq. yd., its strength 
30 to 60 lbs. per in. of width, and its strength is increased 
20 to 25 per cent, by the application of dope. 

The cloth surfaces or wing coverings must be taut, 
otherwise on passing through the air they would vibrate 
or whip. This would not only increase the resistance to a 
great extent, but soon would lead to the destruction of 
the fabric. A preparation called dope is used to tighten 
up the fabric and give a smooth, taut surface. It also 
tends to make the cloth weather-proof. 

Dope should be easy of application, durable, fire re- 
sisting and have a preserving effect on the cloth. Dopes 
at present are divided into two classes or chemical groups , 
those which are made from a base of cellulose nitrate or 
pyroxylin and those made from a cellulose acetate base. 
The base is dissolved in a suitable solvent, such as acetone 
for instance, and sometimes other substances are added to 
preserve flexibility or prevent drying out and cracking 
and checking or to modify shrinkage. 

The greatest difference between these two dopes is in 
their relative inflammability. The acetate dope makes 
the fabric not fireproof, but slow burning. A cloth 
treated with this dope will shrivel and char before burn- 
ing, but one treated with nitrate dope will burst into flame 
immediately on the application of a lighted match or 
when exposed to a strong spark or punctured by a flaming 
bullet, etc. 

Inspection windows are often inserted in wing sections 
over and under certain control joints where the latter are 
carried inside the wing section itself. For instance, the 
aileron control cables are frequently run inside the lower 
wing sections to a pulley attached to the front or main 
spar opposite the middle of the aileron, the cable then 
passing down at a slight angle and through a thimble 
or sleeve in the lower covering of the wing section to the 
point where the cable is attached to the aileron control 
mast. With this construction inspection windows would 
be set in the upper and lower coverings of the lower wing 
immediately above and below the pulley over which the 
control cable passes. The inspection windows are usually 
of celluloid or other transparent material firmly sewn 
into the wing covering material. 

Stay Wires and Splices 

Stay wires and cables are used extensively in aeroplane 
construction. Much of the safety of the machine and 
pilot depends upon the quality of the material in the stay- 
wires, the care used in adjusting them and on the char- 
acter of the terminal splices. 

Three kinds of materials are used for stay wires: solid 
or aircraft wire, stranded wire or aircraft strand, and a 
number of strands twisted together to form a cable and 
known as aircraft cord. Aircraft wire is a hard drawn 
carbon steel wire coated with tin to protect it against cor- 
rosion. Its strength runs from 200,000 to 300,000 lbs. 
per sq. in., depending upon how small it is drawn. Draw- 
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Steps in making an end splice in solid wire 



ing increases both the strength and hardness of this type 
of wire, but if drawn until too hard it cannot be bent with 
safety. The aim is to produce a wire of maximum 
strength, yet with sufficient toughness to allow it to bend 
without fracture. A standard test for bending is to 
grip the wire in a vice whose jaws have been rounded off 
to 8/ 16 in. radius, and bend the wire back and forth 
through an angle of 180 deg. Each bend of 90 deg. counts 
as one bend. The minimum number of bends for various 
sizes of aircraft wires should be as follows: 



For wire of 
For wire of 
For wire of 
For wire of 
For wire of 
For wire of 



B. & S. gauge No. 6 
B. & S. gauge No. 8 
B. & S. gauge No. 10 
B. & S. gauge No. 1-2 
B. & S. gauge No. 14 
B. & S. gauge No. 16 



5 bends 
8 bends 
11 bends 
17 bends 
25 bends 
34 bends 



without 
without 
without 
without 
without 
without 



fracture, 
fracture, 
fracture, 
fracture, 
fracture, 
fracture. 



Aircraft strand is composed of a number of small wires, 
usually 19, twisted together. The individual wires of 
the strand are galvanized or zinc coated before being 
twisted into the strand. The complete strand is more 
flexible than a solid wire of the same diameter and is 
therefore more suitable for stay wires that are subject 
to vibration. 

The stay wires of the fuselage at the engine and wing 
panels are of aircraft strand or cord, but for the remain- 
ing stay wires of the fuselage aircraft wire is ordinarily 
used. 

Aircraft cord is much more flexible than the strand. 
It is used for control cables where these must pass over 
comparatively small pulleys. The usual construction of 
aircraft cord is 7 strands of 19 wires each twisted together 
to form a cable. This specification is known as 7x19 
aircraft cord. The individual wires of the cord are very 
small and are tin-plated before being stranded. 

For a given diameter, the solid wire is stronger than 
either the strand or cord. Weight for weight, however, 
the cord is a little stronger than the wire, as shown by 
the following table. 





Weight 


Strength for a 


Strength for a 




per 100 ft. 


given diameter 


given weight 


Wire 


8.84 lbs. 


5,500 lbs. 


5,500 lbs. 


Cord 


6.47 lbs. 


4,200 lbs. 


5,600 lbs. 



A wire or cord is no stronger than its terminal splice. 
The splice may be formed in a variety of ways. For 
solid wire the formation of the eye is important. An 
eve in which the reverse curve has the same radius as 
the eye proper is called a perfect eye and is the one recom- 



mended. The inside diameter of the eye should be about 
three times the diameter of the wire itself. 

After the eye is formed a flattened wrapped wire 
ferrule, somewhat like a coiled spring flattened to ellip- 
tical section, is slipped over the wire and the free end. 
The latter is then bent back over the ferrule. Such a 
terminal will have an efficiency of 60 to 65 per cent, of 
the strength of the wire itself. When this type of term- 
inal fails it is usually by slipping. If the free end of the 
wire is tied down, after being bent back over the ferrule, 
with an additional wrapping of wire, the efficiency of the 
terminal as a whole will be increased to 80 per cent, of 
the strength of the wire. If the whole terminal is ibl- 
dered the efficiency will be increased to 100 per cent, 
according to static tests. This is misleading, however, 
as such tests take no account of live load stresses or vibra- 
tion. 

Another form of terminal is* made by substituting a thin 
metal ferrule or section of flattened tube for the wrapped 
wire ferrule. It can be made secure either by soldering 
or twisting after being put in place. This terminal for 
live or vibrational loads is superior to the wrapped wire 
terminal as there is not so much difference in mass between 
the wire and the ferrule. 

Aircraft Strand Terminals 

The terminal eye of the aircraft strand is formed around 
a thimble. The free end of the strand is brought around 
the thimble and either wrapped to the main strand with 
small wires and soldered, or the free end is spliced into 
the main strand. Before bending around the thimble, 
the strand is wrapped with fine wire in order to prevent 
flattening or caging of the strand. 

The terminal eye of the aircraft cord is always made by 
splicing the free end of the cord into the main strands 
after wrapping the cord around a thimble. Sometimes 
the splice is soldered but more often it is wrapped with 
harness twine. Foreign engineers are opposed to solder- 
ing, claiming that the disadvantages in the way of cor- 
rosion and overheating of the wire outweigh the advan- 
tages of the stronger terminals. 

The theory of the splice is simple. A strand or wire of 
the free end is wrapped around a strand or wire of the 
main cord, care being taken to have the lay of the wires 
the same. Three to five complete turns are given, three 
for the first and four to five for the last weaves of the 
splice in order to taper the splice gradually. 

Objections to soldering. — The most serious objections 
to soldering are: a. overheating; b. corrosive action of 
fluxes. It is verv easy to overheat and soften the wire 
and this is all the more serious because the softening takes 
place at a point where the wire is enlarged by the joint. 
The stress is naturally localized at this point. 

Some of the so-called non-corrosive fluxes will upon 
application be found to be more or less corrosive. Even 
with strictly non-corrosive fluxes, there is a carbonaceous 
residue, due to heat, driven into the interstices between 
the wires of strands or cords. This serves as a holder 
for moisture and will in time cause corrosion. 

The corrosive effects of acid fluxes can be neutralized 
by the application of an alkaline solution, such as soda 
water. Washing the soldered splice of a solid wire with 
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such a solution is very effective, but with strands and 
cords, where the acid is driven into the interior through 
the application of heat, it is questionable whether any 
system of washing will eliminate or neutralize the acid. 
Corrosion of the interior wires of a strand or cord may 
be concealed by a perfectly good exterior, giving an en- 
tirely false appearance of security. 

Turnbuckles 

Turnbuckles are made of three parts, the ferrule or 
sleeve, and the two ends. To distinguish the ends, they 
are called the yoke and eye ends, or the male and fe- 
male. 

Great care should be exercised when tightening or loos; 
ening turnbuckles that the cables are not untwisted or 
frayed. If the cables are untwisted a caging of the 
strands results which greatly weakens the cable. Cable 
that has been caged should be replaced. No pliers should 
be used when tightening or loosening turnbuckles. The 
correct method is to use two drift pins or nails, one 
through the terminal eye of the cable to prevent the end 
of the cable twisting, the other through the hole in the 
barrel of the turnbuckle. Pliers will scar the wires, which 
is objectionable for three reasons, the first two of which 
may lead to serious consequences. These reasons are: 
First, breaking the protective coating given to guard 
against corrosion. Second, a nick or scar in a wire or 
cable which would weaken it considerably. The wire or 
cable may not show much reduction of strength under a 
static load or test, but with a live or vibrational load the 
strength is greatly reduced and a slight nick will deter- 



mine the point of fracture. Third, disfiguration of the 
parts is offensive to the eye and bespeaks slouchy or care- 
less workmanship. 

Locking Devices 

A fair proportion of accidents occurs to moving mech- 
anism through nuts or other threaded fastenings working 
loose. It is safe to say that several hundred patents 
have been taken out for nut-locking devices, but of this 
great number, a few only are of practical value and used 
to any extent. The castellated nut and cotter pin used 
of course with a drilled bolt or stud is one of the few 
devices that finds large application. It is generally used 
in automobile and aeroplane work. The spring locking 
washer is another good device. This is used where the 
fastening is of a permanent or semi-permanent character. 
Another method is to batter or hammer down the end of 
a bolt a little. This should be practiced only as a last 
resort or as an absolutely permanent job and must be 
carefully done, otherwise serious damage will result to 
the bolt and nut. It is sufficient to close one thread on the 
bolt for part of the circumference only. 

Turnbuckles are secured against turning or loosening 
by running a wire through the adjusting hole in the turn- 
buckle sleeve and carrying the wire back and binding it 
around the ends of the turnbuckle. 




The proper way to lock a turnbuckle 



CHAPTER XII 
ALIGNMENT 

Fuselage alignment — Horizontal and vertical stabilizers — Landing gear or under-carriage — Center wing section — 
Wings — Lateral dihedral angle — Table for lateral dihedral — Stagger — Overhang — Rigger's angle of incidence 
— Wash-out and wash-in — Over-all measurements — Aileron controls — Elevator controls — Rudder control — 
Notes on aligning boards. 



By the term aeroplane alignment is meant the art of 
truing up an aeroplane, and adjusting the parts in their 
proper relation to each other as designated in the aero- 
plane's specifications. The inherent stability, the speed, 
the rate of climb, the efficiency, in short the airworthiness 
of an aircraft depend in large measure on its correct align- 
ment. For this reason the importance of careful and 
correct alignment cannot be overestimated. 

The instructions as given in this chapter are not in- 
tended to be a complete and exhaustive treatise on the 
whole subject of aeroplane alignment, but are designed 
rather to give the beginner a good general idea of how 
the work is done. Thus with these instructions as a 
ground work he can become proficient in the work after 
having had good practical experience in the hangars. 

The work of aligning an aeroplane divides naturally 
into several distinct and separate groups or divisions — a. 
fuselage, b. horizontal and vertical stabilizers, c. landing 
gear, d. center wing section, e. wings, f. controls. 

Alignment of fuselage. — The fuselage is aligned be- 
fore leaving the aeroplane factory and normally this align- 
ment will last for some time. The fuselage alignment 
should be checked over carefully, however, after an aero- 
plane has been shipped in disassembled condition. Strains 
on the fuselage caused by rough handling, bad landings, 
etc., will make it necessary to re-align it. 

Before attempting to align any part of an aeroplane 
the erection drawings should be referred to if available, 
and the directions furnished by the makers should be 
followed carefully unless the operator has had a great 
deal of previous experience upon the particular type of 
aeroplane to be aligned, and is familiar with better meth- 
ods of procedure than those recommended by the maker. 

In general the procedure in aligning a fuselage will be 
about as follows : A horizontal reference plane is usually 
specified by the makers in connection with the fuselage. 
Sometimes the top longerons are taken as this reference 
plane, in which case they are to be aligned horizontally, 
laterally, and longitudinally from a specified station to the 
tail post. Sometimes horizontal lines are drawn on the 
vertical fuselage struts, and the fuselage is so aligned 
that these lines all fall in the same horizontal plane. 

Alignment of Longerons 

In the first case, after the fuselage has been placed in 
a flying position, the top longerons are aligned for straight- 
ness, using a straight edge and a spirit level to aid in 
finally placing them laterally and longitudinally in a 
horizontal plane. 
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The longerons are next aligned symmetrically with re- 
spect to the imaginary vertical plane of symmetry through 
the fore-and-aft axis of the fuselage. There are two 
general methods of doing this, as follows: 

First Method — The center points are marked on all 
horizontal fuselage struts. A small, stout cord is stretched 
from the center of the fuselage nose to the tail post and 
the horizontal bracing wires adjusted until the centers 
of the horizontal struts fall beneath this line. A small 
surveyor's plumb bob is held at different points so that 
the suspending cord just touches the fore-and-aft align- 
ing cord. The centers of the bottom horizontal struts 
should fall directly below the bob. 

Second Method — A plumb line is dropped from the 
center of the propeller and from the tail post and a string 
is stretched on the ground or floor between these two 
points. Plumb bobs dropped from the centers of the 
horizontal struts must point to this line. 

The whole fuselage alignment is checked to make sure 
that it agrees with the specifications. If the aeroplane 
has a non-lifting tail,' it would be advisable as the next 
step to support the fuselage in such a way that the rear 
part (about two-thirds of the total fuselage length) re- 
mains unsupported, and then re-check the fuselage align- 
ment once more. 

All turnbuckles should then be securely locked and the 
fuselage carefully inspected. 

Horizontal and Vertical Stabilizers 

The vertical stabilizer is examined to see that the bolts 
holding it in place are properly drilled and cotter-pinned, 
also to see that it is set parallel or dead on to the direc- 
tion of motion. It is trued up vertically by the turn- 
buckles on the tie wires or brace wires connected to it. 
These turnbuckles are then properly safetied. 

The horizontal stabilizer usually is braced with tie 
wires fitted with turnbuckles. By means of these its trail- 
ing edge should be made straight and at right angles to 
the horizontal center line of the fuselage. All bolts 
fastening the horizontal stabilizer to the fuselage should 
be inspected to make sure they are properly drilled and 
cotter-pinned. All turnbuckles should be safetied, as pre- 
viously shown. 

Alignment of landing gear or under-carriage. — In as- 
sembling an aeroplane which has been completely dis- 
mantled, the landing gear should be assembled to the 
fuselage and aligned with it before the wings are at- 
tached. In assembling and aligning the landing gear, 
the fuselage should be so supported that the landing gear 
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hangs free and the wheels do not touch the ground. 

The fuselage is placed in the fifing position, or at least 
in such a position that the lateral axis is horizontal. 
There are three general methods of aligning the landing 
gear, as follows: 

First Method — A small plumb is dropped from a point 
on the fore-and-aft center line of the fuselage above the 
axle of the landing gear. A tack is placed in the exact 
center of the axle casing or a scratch is made on the axle 
at its center. The transverse tie wires are then adjusted 
until the tack or center line mark falls exactly below the 
plumb bob. The wires are made moderately tight. The 
exact degree of tautness required cannot very well be 
described; it is a matter of experience or personal instruc- 
tion. All turnbuckles are safetied and the landing gear 
inspected carefully. The strut fittings and the clastic 
shock absorbers should be inspected very carefully. 

Second Method — The two forward transverse tie wires 
are adjusted until equal in length, then the rear trans- 
verse tie wires are similarly adjusted until they also are 
equal in length. All transverse tie wires are tightened 
equally and the turnbuckles safetied. The landing gear 
is then given a final inspection. 

Third Method — The transverse tie wires are adjusted 
until the axle is horizontal as shown by a spirit level. 
This adjustment is made with the fuselage in the flying 
position or with the lateral axis horizontal. The trans- 
verse tie wires are tightened equally to the correct taut- 
ness, the turnbuckles safetied, and the landing gear in- 
spected as before. 

Center Wing Section 

Alignment of center wing tectiOn. — The fuselage is 
first placed in the flying position, and the center wing 
section adjusted symmetrically about the fore-and-aft 
center line of the fuselage in plan. A tack driven in 
the middle of the leading edge of the center panel will 
then be directly above the center line of the fuselage. 
This is tested with a small plumb bob and checked by 
measuring each pair of transverse tie wires to see if the 
two wires of each pair are equal in length. 

The alignment for stagger is made by adjusting the 
stagger or drift wires in the fore-and-aft direction until 
the leading edge of the center panel projects the required 
distance ahead of the leading edge of the lower plane as 
given in the aeroplane specifications. This alignment is 
checked by dropping a plumb bob from the leading edge 
of the center panel and measuring forward in a hori- 
zontal plane from the leading edge of the lower plane to 
the plumb line. The adjustment for stagger fixes the 
rigger's angle of incidence. All turnbuckles are safetied 
and the alignment re-checked. 

Alignment of itring*. — Before any attempt is made to 
align the wings the fuselage should be carefully inspected 
to make sure that it is properly riggeed and in proper 
alignment. Failure to do this may cause much delay and 
waste of time in aligning the wings. 

The next step is to make a general inspection of the 
wings, noting' if all bolts and clevis pins are properly 
cotter-pinned. Note particularly the clevis pins where 
the interplane H brace wires are fastened to the upper 
plane fittings. One of the largest aeroplane makers in 



this country puts these clevis pins in head down. In this 
position if the pins are not properly cottered, there is 
great danger of their working loose and dropping out, 
disconnecting the wires. Such matters are more easily 
remedied before the wings are aligned than afterwards. 

Loosen all wires between the planes including flying 
wires, ground wires, stagger wires and external drift 
wires. Examine the turnbuckles to see that the same 
number of threads show at both ends. If not, take the 
turnbuckle apart and remedy this. It will mean a sav- 
ing of time in the end if these matters are looked after 
before the actual truing up of the wings is begun. 

Plying Position 

Place the fuselage in the flying position as defined in 
the aeroplane's erection drawings. This may mean align- 
ing the top longerons or the engine bed or other specified 
parts laterally and longitudinally horizontal. This must 
be done carefully, using a good spirit level, because the 
wings are aligned from the fuselage upon the assumption 
that this flying position is correct. If it is necessary to 
get into the cockpit or in any other way disturb the 
fuselage during the alignment of the wings, make sure 
that the fuselage is still in the correct flying position be- 
fore proceeding further. 

Lateral dihedral angle. — There are three common meth- 
ods of adjusting for lateral dihedral: 

Aligning Board 
First Method — Aligning Board. 1 If aJ aligning board 
is available its use saves considerable time due to the fact 
that the rigger secures the lateral dihedral angle, straight- 
ness of wing spars, and correct angle of incidence near 
the wing tips all at the same time. The protractor level 
should read directly in degrees. Set this instrument at 
the number of degrees dihedral stated in the aeroplane's 
specifications. Place the aligning board parallel to the 
front spar (by measuring back from the strut fittings) 
and, keeping the flying and stagger wires loose, pull up 
on the ground wires until the bubble on the protractor 
level reads almost level. Since the aligning board is a 
straight edge it is easy to keep the front spar perfectly 
straight by glancing beneath the aligning board occasion- 
ally. It should rest on at least three ribs, one near each 
end and one near the middle. The space between the 
other ribs and the aligning board should be slight. 



Fio. 34 — Method of using short dihedral board 

Place the aligning board in front of and parallel to the 
rear spar. Adjust the ground wires until the rear spar 
is straight and the dihedral is slightly greater than called 
for in the maker's specifications. Check at the front spar. 
It will now be the same as the rear. If not make it so. 

i See note on aligning boards at end of this chapter. 
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Fio. 35 — Points of measurement for wing alignment 

Now tighten down on all flying wires except those to 
the overhang, if there is overhang. Test each pair of fly- 
ing wires for equal tautness by striking with the edge of 
the hand and watching their vibration. The loose wire 
has the greatest amplitude of vibration. The lateral di- 
hedral should now be exactly as called for in the specifi- 
cations. 

After aligning both wings for dihedral as stated above, 
both wings will be the same height if the fuselage is level 
laterally. Check the height of the wings by making the 
distance BA (see Fig. 35) equal to DC measured from 
the longerons opposite the butt ends of the front spars 
on the lower wing panels. V is a tack in the middle of 
the leading edge of the center section panel. With a 
steel tape measure the distance VA and VC. These dis- 
tances should be equal. 

Equally good results may be obtained by using a pro- 
tractor spirit level in conj unction with an accurate straight 
edge. 

Second Method — If a good aligning board is not avail- 
able the string method may be used. Fig. 36 shows the 
arrangement of the string which should be small, smooth 
and tightly .drawn. 

Keep the stagger wires, flying wires and nose drift 
wires loose as in the first method. Increase the dihedral 
angle by tightening the ground wires, keeping the panels 
straight by sighting. The greater the dihedral angle the 
greater the distance Y (see Fig. 36). The table below 
shows the variation for customary range of lateral di- 
hedral : 

TABLE FOR LATERAL DIHEDRAL AXGLES 







X 


Y 


Degrees 


Inches 


Distance from 


Inches Distance from 


point 


of support of 


?nd of spar vertically up 




string 


to end of spar 


to the horizontal string 







100 





1 




100 


1% 


2 




100 


3y 2 


3 




100 


sy 4 


4 




100 


7 


5 




100 


8H46 


6 




100 


W%6 


7 




100 


l*Ke 


8 




100 


i»9i« 


9 




100 


"% 


10 




100 


17% 




j&feay. 



String 



Mast Hff*- 





Fig. 36 — Alternative method of aligning for dihedral 

The distance X will probably not be exactly 100 in. as 
given in the table, but since X and Y increase in the same 
proportion this is very simple. For example, the dis- 
tance X (convenient to measure) on a biplane having a 
3 deg. lateral dihedral angle may be, say 12 ft. 6 in., or 
150 in., which is one and one-half times 100 in. 

The table gives Y equal to 5*4 in. for 3 deg. Our X 
is one and one-half times the X in the table. Then our 
Y must be one and one-half times 5V4 in. (the Y given in 
the table), which equals 7% m -> which is the proper dis- 
tance up to the string when the wing has the correct lat- 
eral dihedral. 

In determining the distance Y, always measure the 
vertical distance up to the string from near the inner edge 
of the wing panel, not from the center section panel. The 
correct lateral dihedral angle having been obtained, pro- 
ceed further as in the first method. 

Third Method — On aeroplanes having sweep-back the 
string method is rather difficult to apply. If an aligning 
board such as used in the first method is not available, 
then a short dihedral board may be made which will serve. 
Fig: 37 shows the construction and Fig. 34 the method of 





Fig. 37 — Short dihedral board 



using such a board. It is plain that a separate board 
must be made for each aeroplane having a different di- 
hedral from the others at a flying field. Another disad- 
vantage of this board is the fact that it must be used be- 
tween struts on the spars and is so short that it is apt 
to be affected greatly by unequal rib heights and any 
lack of straightness in the spars. 

After obtaining the correct dihedral proceed as in the 
first method. 

Stagger is usually given in aeroplane specifications as 
a linear measurement in inches. The specifications will 
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Fig. 38 — Methods of measuring stagger 

tell whether it is to be measured on a projection of the 
chord or as a horizontal distance. (See Fig. 38.) It is 
important to measure the stagger in the manner directed. 

The stagger of the wings is fixed at the fuselage by the 
stagger of the center wing section. Align for stagger by 
adjusting the stagger wires between interplane struts. 
Slight adjustments only should be necessary. Fig. 88 
shows the method. 

In exceptional cases the flying and ground wires, front 
and rear, nearest the fuselage, are used in adjusting the 
stagger, which is usually found to be correct, however, 
after slight adjustments of the stagger wires. 

Stagger is sometimes given as an angle of stagger in 
degrees. This can be converted into inches by the use 
of the lateral dihedral table on page 805. In this case AB 
in Fig. 38 corresponds to X in the table, and Y in Fig. 
38 will be proportional to Y in the table. For instance 
if AB in Fig. 38 is 50 in. in a given aeroplane, or one- 
half of X in the table, and the stagger is given in. the 
aeroplane's specifications as 7 deg., then the amount of 
stagger Y (Fig. 38) would be one-half of the 12 3/16 in. 
given in Column Y in the table opposite 7 deg. 

Overhang. — If the aeroplane has much overhang it is 
usually supported by mast wires above and flying wires 
below. See that the flying wires are loose. Tightening 
one set of wires against an opposing set throws undue 
stress in members. Tighten up on the mast wires until 
the overhang inclines very slightly upward. Now tighten 
up on the flying wires below until the spars are straight. 

The leading and trailing edges of all wing panels should 
now be straight. In case there should be small local bows 
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B Straight Bfje 

Fio. 39 — Measuring angle of incidence with straight-edge and 

spirit level 



c 



Fio. 40 — Another method of measuring angle of incidence. 
It can also be done advantageously by using a straight edge in 
conjunction with a protractor spirit level 

in the spars, with a little careful adjusting of wires these 
can usually be distributed equally between the upper and 
lower wing panels so that their effect will be lessened. 
Fixing the lateral dihedral or the angle of incidence for 
either upper or lower plane automatically adjusts it for 
the other plane. 

Rigger's angle of incidence. — Check the lateral dihedral 
to make sure that it has not been altered in making other 
adjustments. If it is correct, front and rear, and the 
spars are straight, then the angle of incidence should be 
correct all along the wing. Figs. 39 and 40 show two 
methods of testing this. If the set measurements A or B 
are known, the first method (Fig. 39) can be used. If 
the angle AOB is given in the specifications then the sec- 
ond method (Fig. 40) can be employed. Test the angle 
of incidence near the fuselage and beneath the interplane 
struts. 

Wash-out and wash-in. — Due to the reaction from the 
torque of the propeller the aeroplane tends to rotate about 
its longitudinal axis. To counteract this the wing which 
tends to go down (sometimes referred to as the " heavy " 
wing) is drawn down slightly at its trailing edge towards 
its outer end, or in other words it is given a slight addi- 
tional droop at this point. This is usually referred to as 
a " wash-in." The wing on the other side of the machine 
is given a slight upward twist, or " wash-out " at a cor- 
responding point. In single-engined, right-hand tractors 
wash-in is given to the left wing and wash-out to the right. 
To increase the angle of incidence the rear spar must be 
warped down by slackening all the wires connected to the 
bottom of the strut and tightening all which are connected 
to the top of the struts, until the desired amount of wash-in 
is secured. This process is reversed to secure wash-out. 

For purposes of increased stability wash-out is some- 
times given both wings although of course some lift is lost 
by doing this. If it is still desired to compensate for the 
reaction due to the propeller torque, more wash-out is 
given on one side than on the other. The side having the 
least wash-out then has wash-in relative to the other side. 

Over-all measurements. — Tighten the external drift 
wires only moderately tight. The following over-all 
measurements should now be taken, using a steel tape (see 
Fig. 35): Make BA=DC and LH = MN. Then OA 
should equal OC and HE should equal EN. These meas- 
urements should be made at points on the upper wing 
panels as well as the lower, making eight check measure- 
ments in all. 

All turnbuckles are now safetied (Fig. 41). Make a 
general final inspection of the wings to make sure that 
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Fig. ±2 — Individual method of connecting aileron controls 

nothing has been overlooked. It must be remembered that 
in making one adjustment other adjustments made pre- 
viously may be thrown slightly off, so that when the wings 
are finally aligned it is a good plan to check the lateral 
dihedral, stagger, angle of incidence, etc., to make sure 
that all are correct. 

Controls — Ailerons. — Fasten the hand wheel, stick, or 
shoulder yoke controlling the ailerons in its central posi- 
tion. If the ailerons have brace wires on each side (see 
Fig. 42) and these wires are supplied with turnbuckles, 
straighten up the trailing edge by adjusting these wires. 
If the ailerons are connected as in Fig. 43 the trailing 
edges must be straightened as the ailerons are aligned on 
the aeroplane. 

There is difference of opinion about drooping the trail- 
ing edge of ailerons below the trailing edge of the plane 
to which they are fastened. At some fields the turn- 
buckles on the aileron control cables are so adjusted that 
the trailing edge of the aileron lines up with the trail- 
ing edge of the wing panel to which it is hinged. At 
other fields, from % in. to •% in. of droop is given the 
trailing edge of the aileron, because it forms a part of a 
lifting surface and it is reasoned that, slack will be taken 
out of the lower control cables when the machine gets 
into the air. Unless directed otherwise it perhaps is ad- 
visable to give little or no droop. 

The ailerons should work freely and respond quickly 
with no feeling of drag when the hand wheel is turned 
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Fio. 43 — Showing series method of connecting ailerons in pairs 
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Fio. 44 — Trying an aligning board for straightness 

or the stick moved even very slightly. Improper coiling 
of cables when a machine is dismantled will ruin this con- 
dition about as quickly as anything could. Care must be 
taken not to put too much tension on the cables. The 
pulleys around which they run are light, and not always 
so strong as they might be. Cracked pulleys may some- 
times be found on old machines. 

Interplane ailerons are adjusted so that both are in the 
same plane when control is neutral. The angle at which 
they are set must be given by the makers or determined 
by experiment and experience. 

Elevators. — Fasten the bridge or stick control in its 
central position. Adjust the turnbuckles on the control 
cables until the elevators are in their neutral position and 
both are in the same plane. Tighten the control cables 
enough to remove lost motion. 

Rudders. — Fasten the rudder footbar in its mid-posi- 
tion and adjust the turnbuckles until the rudder is in the 
neutral position, and the cables are tight enough to re- 
move lost motion. 

Both elevators and rudders usually carry brace wires 
with turnbuckles which can be used in straightening their 
trailing edges. 

Notes on Aligning Boards 

To be useful an aligning board first of all must be true. 
Fig. 44 shows a method of testing such a board for 
straightness. (See A and B, Fig. 44.) Also by sup- 
porting the board as shown and setting the protractor level 
at different degrees the protractor can be tried out. Ref- 
erence to the table for lateral dihedral on page 305 shows 
the difference in thickness of the blocks for the different 
angles. The zero point may be tested by setting the in- 
strument at zero and supporting the aligning board on 
some surface known to be level. 

The inclination for the board used* in the third method 
of aligning for lateral dihedral can be determined from the 
lateral dihedral table. Fifty inches make a convenient 
length for such a board, in which case the Y (see Fig. 45) 
is just half of that given in the table for lateral dihedral 
angles. 




Test of Protractor lemf 

Fio. 45 — Aligning board used with table for lateral dihedral 

angles 



CHAPTER XIII 
CARE AND INSPECTION 

Cleanliness — Control cables and wires — Locking devices — Struts and sockets — Special inspection — Lubrication — 
Adjustments — Vetting or sighting by eye — Mishandling on the ground — Airplane shed or hangar — Estimating 
time — Weekly inspection card form. 



Cleanliness. — One of the most important items is clean- 
liness of all parts of the plane. After every flight the 
machine should be thoroughly cleaned. To remove grease 
and oil from the wings and covered surfaces, use either 
gasoline, acetone or castile soap and water. If castile 
soap cannot be obtained, be sure the soap used contains 
no alkali or it will injure the dope. In using the gaso- 
line or acetone, do not use too much or it will also take 
off the dope. A good way to use the latter is to soak 
a piece of waste or rag and rub over the grease or oil, 
the* wipe off with a piece of dry waste. When using 
soap and water be careful not to get any inside the wing 
as it is liable to warp the ribs or rust the wires. 

When mud is to be removed from the surfaces it should 
never be taken off while dry, but should be moistened with 
water and then removed. 

Other parts of the machine should be kept thoroughly 
clean to keep down the friction. 

Control cables and wires. — All cables and wires should 
be inspected by the rigger to see that they are at the cor- 
rect tension. Also see that there are no kinks or broken 
strands in any of the cables or strands. Do not forget 
the aileron balance cable on top of the wings. When a 
wire is found to be slack do not tighten it at once but 
examine the opposing wire to see if it is too tight. If so 
the machine is probably not resting naturally. If the 
opposing wire is not over-tight then tighten the slack wire. 

All cables and strands and external wires should be 
cleaned and re-oiled about every two weeks. The oil 
should be very thin so that it will penetrate between the 
strands. 

Locking devices. — All threaded fastenings and pins 
should be inspected very frequently to see that there is 
no danger of anything coming loose. 

Struts and sockets. — Since the struts are compression 
members, largely, they should be examined on the ends 
for crushing and in the middle for bending and cracking. 

Special inspection. — A detailed inspection of all parts 
of the machine should be made once every week. Usually 
there is an inspection sheet provided for this purpose. 
If no sheet is obtainable, then one should be made before 
the inspection is started. Make a list of all the parts to 
be inspected, starting at a certain point on the machine, 
and following around until that point is reached again. 
When each part or detail is inspected it should be checked 
on the sheet as defective or O. K. 

A good weekly inspection card form is given on the 
following page. 

Lubrication. — Always see that all moving parts are 
working freely before a flight is made. This includes 
undercarriage wheels, pulleys, control levers, hinges, etc. 



Adjustments. — The angle of incidence, dihedral angle, 
stagger and position of the controlling surfaces should be 
checked as often as possible so that everything will be 
all right at all times. Alignment of the undercarriage 
should be made so that it will not be twisted and thus cut 
down the speed of the machine. 

Vetting or sighting by eye. — This should be practiced 
at a*ll times. When the machine is properly lined up, 
look at it and get a picture in your mind of just how it 
looks. Then when anything becomes out of line it can 
be easily detected without using any tools. See that the 
struts are in the same plane when looking at the front 
or side of the machine. The dihedral angle also can be 
checked by this method of sighting. Some flyers become 
so expert that they can check the alignment of the whole 
machine by eye. 

Distortion 

Always be on the lookout for dislocation of any of the 
parts. If any distortions cannot be corrected by adjust- 
ment of the wires, then the part should be replaced. 

Mishandling on the ground. — Great care should always 
be taken not to overstress any part of the machine. Mem- 
bers are usually designed for a certain kind of stress and 
if any other kind is put upon them, some damage is likely 
to occur. When pulling an aeroplane along the ground, 
the rope should be fastened to the top of the undercar- 
riage struts. If this cannot be done, then fasten the rope 
to the interplane struts as low down as possible. 

Never lay covered parts down on the floor but stand 
them on their entering edges with some padding under- 
neath. Struts should be stood on end where thev cannot 
fall down. 

Hangar. — The hangar at all times should be kept in 
the best possible condition. Never have oily waste or 
rags lying around on the floor or benches, as these are 
liable to catch Are. No smoking should be allowed in or 
near the building. Do not have oily sawdust spread 
around on the floor to catch the oil but have pans for this 
purpose. 

In making replacements of defective parts, have a place 
for the old pieces. Never allow them to be put where 
they will be mistaken for new parts. 

Each tool should be kept in a certain designated place 
and when anybody borrows a tool, be sure that he puts 
it back where it belongs. 

Estimating time. — When any repairs are to be made, 
learn to estimate the time required for the job. With a 
little practice this can be done very accurately. It may 
help sometime in making a report to an officer in charge 
as to when an aeroplane will be ready to go out again. 
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Weekly Aeroplane Inspection Card 

Date 



191 



Airplane No, 
Engine No. . 



Make Model, 

Make Model. 



Note: This card must be made out by Field Inspector for 
every machine under his charge, signed by him, and must be 
turned over to the Chief Inspector as soon as made out. 

Landing gear: 

Wire tension 

Wire terminals 

Strut sockets (nuts, holts) 

Loose spokes 

Axles greased 

Security of wheels to axle 

Shock absorber rubber 

Tire inflation 



Propeller: 

Condition of blades 

Hub assembly (bolts, washers, cotters) 

Security to shaft 

Thrust 



Fuselage nose: 

Tension fuselage bracing 

Tension and terminals wing drag bracing 

Engine bed and bolts 

Water system: 

Leakage 

Radiator full 

Engine : 

Valves — 

Intake clearance 

Exhaust clearance 

Spark plugs — 

Clean 

Gap 

Carburetor — 

Security to manifold 

Bracing 

Manifold joints 

Oil system: 

Leakage 

Oil (grade) 

Oil reservoir full 

Magneto : 

Mounting 

Distributor board 

Breaker point clearance 

Transmission (drive) wear 

Throttle control: 

Pulleys 

Wiring 

Bell cranks and connections 

Gasoline system: 

Tank 

Gasoline leads and connections 

Pump 

Gasoline in tank full 

Wing joints: 

Lower wing — right 

Lower wing — left 

Upper wing — right 

Upper wing — left 

Wing wires: (tension, terminals, clevis pins, cotters, safety 
wires) 

Flying wires — right wing 

Flying wires — left wing 

Landing wires — right wing 

Landing wires — left wing 

Wires, fittings, turnbuckles, cleaned and greased 

Wing fittings: (bolts, nuts, cotters) 

Right wing, upper lower 

Left wing, upper lower 



Struts: 

Sockets, bolts, cotters 

Straightness 

Right wing 

Left wing 

Ailerons: 

Straightness 

Hinge assembly (lubricate with graphite grease) 

Security 

Wear 

Hinge pins and cotters 

Control wire connection (mast) 

Frayed control wire (wheel) 

(pulleys and guides) 

Note: Control wires frayed at any part of their length 

must be replaced at once. 
Pulleys 

Greased 

Free running 

Right ailerons, upper lower 

Left ailerons, upper lower 

Fuselage rear interior: 

Wire tensions 

Longerons 

Fittings 

Alignment 

Stabilizer: 

Bolts, nuts, cotters, braces 

Vertical fin: 

Bolts, nuts, cotters, braces 

Rudder: 

Hinge assembly 

Security 

Wear 

Hinge pins and cotters 

Control wire connections 

Mast 

Footbar 

Frayed control wire 

Note: Control wires frayed at any point of their length 

must be replaced at once. 
Pulleys 

Greased 

Free running 

Elevators : 

Hinge assembly 

Security 

Wear 

Hinge pins and cotters 

Control wire connections — mast 

Control wire connections — post 

Frayed control wire 

Note: Control wires frayed at any point of their length 

must be replaced at once. 

Pulleys 

Greased 

Free running 

Right elevator 

Left elevator 

Tail skid: 

Skid 

Fittings 

Shock absorber 

Controls : 

Free and proper operation (lubricate with graphite 

grease) 

Elevator 

Rudder 

Aileron 

Alignment of entire machine: 

(Signed) Field Inspector. 



CHAPTER XIV 
MINOR REPAIRS 



Patching holes in wings — Doping patches — Terminal loops in solid wire — Terminal splices in strand or cable — Sol- 
dering and related processes — Soft soldering — Hard soldering — Brazing — Sweating procedure in soldering — 
Fluxes — Melting points of solders. 



The materials used in patching holes in linen-covered 
surfaces is unbleached Irish linen, the same kind as used 
in covering the wings. The material must be unbleached 
or it will not shrink the required amount. Generally the 
kind of dope used is Emaillite dope, although the acetate 
or nitrate dopes could be used. The dope should be ap- 
plied in a very dry atmosphere or on a sunshiny day at 
a temperature not less than 65 deg. F. A brush or a 
piece of waste may be used to apply the dope. 

In patching a hole the first thing to be done is to clean 
the surface of the old dope. To do this, fine sand paper 
may be used or acetone, gasoline or dope. In using the 
sand paper, care should be taken not to injure the cover- 
ing. When using the acetone or gasoline, it should be 
put on the surface, allowed to stand for a while to soak 
up the old dope, then scraped off. The same method is 
applied when using dope to clean the surface. 

After the surface is cleaned, the edges of the hole 
should be sewed if it is of any considerable size. To do 
this sewing linen thread and a curved needle are used. 
The stitches should not be closer together than l/> in. and 
far enough back from the edge so that there is no dan- 
ger of their tearing out. With a small hole, such as a 
bullet hole for instance, it is not necessary to do any 
sewing. When the hole is several inches square, a piece 
of unbleached linen should be sewed in to give a body for 
the top patch so that it will not be hollow in the center 
after it is dry. The sewing up of holes should be done 
after the surface is cleaned so that any slackness may be 
taken up before the patch is applied. 

After sewing is finished the patch is cut. It should be 
made about 1 to 2 in. larger on each side than the hole. 
The edges of the patch must be frayed for about */4 in., 
this being done to prevent them from tearing easily. 

Dope should now be applied to the wing. Generally 
several coats are put on so that there will be a sufficient 
amount to make the patch stick well. After the last coat 
is applied the patch should be put in place immediately 
before the dope has a chance to dry. Any air bubbles and 
wrinkles should now be worked from under the patch by 
rubbing with the fingers, and more dope put on top of 
the patch. Usually there are six or seven coats of dope 
applied on top of the patch, allowing time for each coat 
to dry before another is applied. 

Any small amount of slackness in the patch will prob- 
ably be taken out as the linen shrinks. If the patch is 
hollow after the dope is thoroughly dry, however, it is not 

a good patch and should be removed. A good patch 
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should be tight around the edges as well as in the center 
over the hole and should contain no creases or air bubbles. 

Terminal Splices 

A loop or splice must be formed in the end of every 
brace wire or control cable where it is attached to a strut 
socket, turnbuckle, control mast, or other form of term- 
inal attachment. The manner of making the loop or 
splice in the wire will vary according to the type of wire 
or cable used. The terminal in the end of a solid wire 
is made in the manner shown in Fig. 38. 

There are several points to be observed in making this 
type of terminal splice, as follows: (a) The size of the 
loop should be as small as possible within reason, as a 
large loop tends to elongate, thus spoiling the adjustment 
of the wires. On the other hand, the loop should not be 
so small as to cause danger of the wire breaking, due to 
too sharp a bend, (b) The inner diameter of the loop 
should be about three times the diameter of the wire, and 
the reverse curve at the shoulders of the loop should be 
of the same radius as the loop itself. The shape of the 
loop should be symmetrical. If the shoulders are made 
to the proper radius there will be no danger of the fer- 
rule slipping up towards the loop, (c) When the loop 
is finished it should not be damaged anywhere. If made 
with pliers there will be a likelihood of scratching or 
scoring the wire, which would weaken it greatly. Any 
break or score in the surface coating of a wire destroys 
the protective covering at that particular point and the 
wire will soon be weakened by exposure. A deep nick 
or score would greatly weaken the wire and eventually 
result in breakage at that point. 

Splicing a strand or cable. — The splice in the end of a 
strand or cable is entirely different from the terminal 
of a solid wire. The end of the strand is led around 
a thimble and the free end spliced into the body of the 
strand or cable just below the point of the thimble. Such 
a splice is afterward served with twine, but the serving 
should not be done until the splice has been inspected 
by whoever is in charge of the workshop. The serving 
might cover bad workmanship in the splice. 

Soldering. — Terminal loops or splices in solid wire and 
also splices in the ends of strand or cord are sometimes 
soldered after being formed. There are some objections 
to soldering at these points, however, as outlined on page 
SOI. The ensuing instructions for soldering work will 
prove valuable in case where this method of securing a 
terminal splice is considered desirable. 
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CHAPTER XVI 
NOMENCLATURE FOR AERONAUTICS 



Ba&ed on official nomenclature recommended by the National Advisory Committee for Aeronautics and definitions used and 

standardized by the U. S. Army School of Military Aeronautics at Ohio State University. 



Aerodynamics — The science which treats of the air or 
other gaseous bodies under the action of forces and 
of their mechanical effects. 

Aerofoil — A thin wing-like structure, flat or curved, de- 
signed to obtain reaction upon its surfaces from the 
air through which it moves. 

Aeronautics — That branch of engineering which deals 
with the design, construction and operation of air 
craft. 

Aileron — A movable auxiliary surface used for the con- 
trol of rolling motion of an aeroplane, i. e., rotation 
about its fore and aft axis. 

Aircraft — Any form of craft designed for the navi- 
gation of the air; aeroplanes, balloons, dirigibles, 
helicopters, kites, kite balloons, ornithopters, gliders, 
etc. 

Aerodrome — The name usually applied to a ground and 
buildings used for aviation. 

Aeroplane — A form of aircraft heavier than air, which 
has wing surfaces for sustentation, stabilizing sur- 
faces, rudders for steering, power plant for propul- 
sion through the air and some form of landing gear; 
either a gear suitable for rising from or alighting on 
the ground, or pontoons or floats suitable for alight- 
ing on or rising from water. In the latter case, the 
term " Seaplane " is commonly used. (See defini- 
tion.) 
Pusher — A type of aeroplane with the propeller or pro- 
pellers in the rear of the wings. 
Tractor — A type of aeroplane with the propeller or 

propellers in front of the wings. 
Monoplane — A form of aeroplane whose main sup- 
porting surface is disposed as a single wing extend- 
ing equally on each side of the body. 
Biplane — A form of aeroplane in which the main sup- 
porting surface is divided into two parts, one above 
the other. 
Triplane — A form of aeroplane whose main support- 
ing surface is divided into three parts, superimposed. 
Multiplane — An aeroplane the main lifting surface of 
which consists of numerous surfaces or pairs of su- 
perimposed wings. 
One and One-Half Plane — A biplane in which the 
span of the lower plane is decidedly shorter than 
that of the upper plane. 
Flying Boat — An aeroplane fitted with a boat-like hull 
suitable for navigation and arising from or alighting 
on water. 
Seaplane — An aeroplane fitted with pontoons or floats 
suitable for alighting on or rising from the water. 

Air Pocket — A local movement or condition of the air 
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causing an aeroplane to drop or lose its correct atti- 
tude. 

Air Speed Meter — An instrument designed to measure 
the velocity of an aircraft with reference to the air 
through which it is moving. 

Altimeter — An instrument mounted on an aircraft to 
continuously indicate its height above the surface of 
the earth. 

Anemometer — An instrument for measuring the velocity 
of the wind or air currents with reference to the 
earth or some fixed body. 

Angle of Attack — The acute angle between the direc- 
tion of relative wind and the chord of an aerofoil, i. e., 
the angle between the chord of an aerofoil and its 
motion relative to the air. (This definition may be 
extended to any body having an axis.) 
Best Climbing — The angle of attack at which an aero- 
plane ascends fastest. An angle about half way be- 
tween the maximum and optimum angle. 
Critical — The angle of attack at which the lift is a 
maximum, or at which the lift curve has its first 
maximum ; sometimes referred to as the " burble 
point." (If the lift curve has more than one maxi- 
mum, this refers to the first one.) 
Gliding — The angle the flight path makes with the 
horizontal when flying in still air under the influence 
of gravity alone, i. e., without power from the en- 
gine. 
Maximum — The greatest angle of attack at which, for 
a given power, surface and weight, horizontal flight 
can be maintained. 
Minimum — The smallest angle of attack at which, for 
a given power, surface and weight, horizontal flight 
can be maintained. 
Optimum — The angle of attack at which the lift-drift 
ratio is the highest. 

Angle of Incidence (Rigger's Angle) — The angle be- 
tween the longitudinal axis of the aeroplane and the 
chord of an aerofoil. 

Appendix — The hose at the bottom of a balloon used for 
inflation. In the case of a spherical balloon it also 
Serves for equalization of pressure. 

Aspect Ratio — The ratio of span to chord of an aerofoil. 

Aviator — The operator or pilot of heavier- than-air craft. 
This term is applied regardless of the sex of the 
operator. 

Avion — The official French term for military aeroplanes 
only. 

Axes of an Aircraft — The three fixed lines of refer- 
ence; usually passing through the center of gravity 
and mutually rectangular. The principal axis in a 
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fore and aft direction, usually parallel to the axis of 
the propeller and in the plane of symmetry, is the 
Longitudinal Axis or the Fore-and-Aft Axis. The 
axis perpendicular to this and in the plane of sym- 
metry is the Vertical Axis; the third axis perpendicu- 
lar to the other two is the Lateral Axis, also called the 
Transverse Axis or the Athwartship Axis. In mathe- 
matical discussion the first of these axes, drawn from 
front to rear is called the X Axis; the second, drawn 
upward, the Z Axis ; and the third, forming a " left- 
handed " system, the Y Axis. 

Balanced Control Surface — A type of surface se- 
cured by adding area forward of the axis of rota- 
tion. In an airstream a force is exerted on this 
added area, tending to aid in the movement about the 
axis. 

Balancing Flaps — (See Aileron.) 

Ballonet — A small balloon within the interior of a 
balloon or dirigible for the purpose of controlling 
the ascent or descent, and for maintaining pressure 
on the outer envelope so as to prevent deformation. 
The ballonet is kept inflated with air at the required 
pressure, under the control of a blower and valves. 

Balloon — A form of aircraft comprising a gas bag and 
a basket and supported in the air by the buoyancy of 
the gas contained in the gas bag, which is lighter 
than the amount of air it displaced; the form of the 
gas bag is maintained by the pressure of the contained 
gas. 
Barrage — A small spherical captive balloon, raised as a 

protection against attacks by aeroplanes. 
Captive — A balloon restrained from free flight by 

means of a cable attaching it to the earth. 
Kite — An elongated form of captive balloon, fitted with 
tail appendages to keep it headed into the wind, and 
deriving increased lift due to its axis being inclined 
to the wind. 
Pilot — A small spherical balloon sent up to show the 

direction of the wind. 
Sounding — A small spherical balloon sent aloft, with- 
out passengers, but with registering meterological in- 
struments for recording atmospheric conditions at 
high altitudes. 

Balloon — Dirigible — A form of balloon the outer en- 
velope of which is of elongated horizontal form, pro- 
vided with a car, propelling system, rudders and 
stabilizing surfaces. Dirigibles are divided into 
three classes: Rigid, Semi-rigid and Non-rigid. In 
the Rigid type the outer covering is held in place 
and form by a rigid internal frame work and the 
shape is maintained independently of the contained 
gas. The shape and form of the Semi-rigid type is 
maintained partly by an inner framework and partly 
by the contained gas. The Non-rigid type is held to 
form entirely by the pressure of the contained gas. 

Balloon Bed — A mooring place on the ground for a 
captive balloon. 

Balloon Cloth — The cloth, usually cotton, of which 
balloon fabrics are made. 

Balloon Fabric — The finished material, usually rub- 
berized, of which balloon envelopes are made. 

Bank — To incline an aeroplane laterally, i. e., to rotate 



it about the fore-and-aft axis when making a turn. 
Right bank is to incline the aeroplane with the right 
wing down. Also used as a noun to describe the 
position of an aeroplane when its lateral axis is in- 
clined to the horizontal. 

Barograph — An instrument for recording variations in 
barometric pressure. In aeronautics the charts on 
which the records are made are prepared to indicate 
altitudes directly instead of barometric pressure, in- 
asmuch as the atmospheric pressure varies almost 
directly with the altitude. 

Barometer — An instrument for measuring the pressure 
of the atmosphere. 

Basket — The car suspended beneath the balloon for 
passengers, ballast, etc. 

Biplane — (See £eroplane.) 

Body (of an Aeroplane) — A structure, usually en- 
closed, which contains in a streamline housing the 
powerplant, fuel, passengers, etc. 
Fuselage — A type of body of streamline shape carry- 
ing the empannage and usually forming the main 
structural unit of an aeroplane. 
Monocoque — A special type of fuselage constructed of 
metal sheeting or laminated wood. A monocoque is 
generally of circular or elliptical cross-section. 
Nacelle — A type of body shorter than a fuselage. It 
does not carry the empannage, but acts more as a 
streamline housing. Usually used on a pusher type 
of machine. 
Hull — A boat-like structure which forms the body of 
a flying-boat. 

Bonnet — The appliance, having the form of a parasol, 
which protects the valve of a spherical balloon against 
rain. 

Boom — (See Outrigger.) 

Bowden Wire — A stiff control wire enclosed in a tube 
used for light control work where the strain is com- 
paratively light, as for instance throttle and spark 
controls, etc. 

Bowden Wire Guide — A close wound, spring-like, flex- 
ible guide for Bowden wire controls. 

Bridle — The system of attachment of cables to a balloon, 
including lines to the suspension band. 

Bulls Eyes — Small rings of wood, metal, etc., forming 
part of balloon rigging, used for connection or ad- 
justment of ropes. 

Burble Point — (See Angle — Critical.) 

Cabane (or Cabane Strut) — In a monoplane, the strut 
or pyramidal frame work projecting above the body 
and wings and to which the stays, ground wires, 
braces, etc., for the wing are attached. 

In a biplane, the compression member of an auxili- 
ary truss, serving to support the overhang of the 
upper wing. 

Camber — The convexity or rise of the curve of an aero- 
foil from its chord, usually expressed as the ratio of 
the maximum departure of the curve from the chord 
as a fraction thereof. Top Camber refers to the top 
surface and Bottom Camber to the bottom surface of 
an aerofoil. Mean Camber is the mean of these two. 

Capacity-Carrying — The excess of the total lifting ca- 
pacity over the dead load of an aircraft. The latter 
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includes structure, power plant and essential acces- 
sories. Gasoline and oil are not considered essential 
accessories. 

The cubic contents of a balloon. 

Capacity-Lifting — (See Load) — The maximum flying 
load of an aircraft. 

Cathedral — A negative dihedral. 

Ceiling — The maximum possible altitude to which a 
given aeroplane can climb. 

Center — The point in which a set of effects is assumed 
to be accumulated, producing the same effect as if 
all were centered at this point. 

There are five main centers in an aeroplane — 
Center of Lift, Center of Gravity, Center of Thrust, 
Center of Drag and Center of Keelplane Area. The 
latter is also called the Directional Center. The sta- 
bility, controllability and general air worthiness of 
aeroplane depend largely on the proper positioning 
of these centers. 

Center of Pressure of an Aerofoil — The point in the 
plane of the chords of an aerofoil, prolonged if neces- 
sary, through which at any given attitude the line 
of action of the resultant air force passes. (This 
definition may be extended to any body.) 

Center Panel — The central part of the upper wing (of 
a biplane) above the fuselage. The upper wings are 
attached to this on either side. 

Chord — (Of an aerofoil section.) A straight line tan- 
gent to the under curve of the aerofoil section, front 
and rear. 

Chord Length — (Or length of Chord.) — The length 
of an aerofoil section projected on the chord, extended 
if necessary. 

Clinometer — (See Inclinometer.) 

Cloche — The bell-shaped construction which forms the 
lower part of the pilot's control lever in the Bleriot 
control and to which the control cables are attached. 

Cockpit — The space in an aircraft body occupied by 
pilots or passengers. 

Concentration Ring — The hoop to which are attached 
the ropes suspending the basket (of a balloon). 

Controls — A general term applied to the mechanism 
used to control the speed, direction of flight and alti- 
tude of an aircraft. 
Bridge (Deperdussin-" Dep " Control) — An inverted 
" U " frame pivoted near its lower points, by which 
the motion of the elevators is controlled. The ailer- 
ons are controlled by a wheel mounted on the upper 
center of this bridge. 
Dual — Two sets of inter-connected controls allowing 

the machine to be operated by one or two pilots. 
Shoulder — A yoke fitting around the shoulders of the 
pilot by means of which the ailerons are operated (by 
the natural side movement of the pilot's body) to 
cause the proper amount of banking when making a 
turn or to correct excessive bank. (Used on early 
Curtiss planes.) 
Stick (Joystick) — A vertical lever pivoted near its 
lower end and used to operate the elevators and 
ailerons. 

Cowls — The metal covering enclosing the engine section 
of the fuselage. 



Crow's Foot — A system of diverging short ropes for dis- 
tributing the pull of a single rope. (Used princi- 
pally on balloon nets.) 

Decalage — The difference in the angular setting of the 
chord of the upper wing of a biplane with reference 
to the chord of the lower wing. 

Dihedral (In an aeroplane) — The angle included at the 
intersection of the imaginary surfaces containing the 
chords of the right and left wings (continued to the 
planes of symmetry if necessary). This angle is 
measured in a plane perpendicular to that intersec- 
tion. The measure of the dihedral is taken as 90 
deg. minus one-half of this angle as defined. 

The dihedral of the upper wing may and frequently 
does differ from that of the lower wing. in a biplane. 
Lateral — An aeroplane is said to have lateral dihedral 
when the wings slope downward from the tips to- 
ward the fuselage. 
Longitudinal — The angular difference between the an- 
gle of incidence of the main planes and the angle 
of incidence of the horizontal stabilizer. 

Dirigible — A form of balloon, the outer envelope of 
which is of elongated horizontal form, provided with 
a propelling system, car, rudders and stabilizing sur- 
faces. 
Non-Rigid — A dirigible whose form is maintained by 
the pressure of the contained gas assisted by the car 
suspension system. 
Rigid — A dirigible whose form is maintained by a rigid 

structure contained within the envelope. 
Semi-rigid — A dirigible whose form is maintained by 
means of a rigid keel and by gas pressure.. 

Diving Rudder — (See Elevator.) 

Dope — A preparation, the base of which is cellulose 
acetate or cellulose nitrate, used for treating the 
cloth surfaces of aeroplane members or the fabric of 
balloon gas bags. It increases the strength of the 
fabric, produces tautness, and acts as a filler to make 
the fabric impervious to air and moisture. 

Drag — The component parallel to the relative wind of 
the total force on an aircraft due to the air through 
which it moves. 

That part of the drag due to the wings is called 
"Wing Resistance" (formerly called "Drift"); 
that due to the rest of the aeroplane is called " Para- 
site Resistance " (formerly called head resistance). 
The total resistance to motion through the air of 
an aircraft, that is, the sum of the drift and parasite 
resistance. Total Resistance. 

Drift — The component of the resultant wind pressure 
on an aerofoil or wing surface parallel to the air 
stream attacking the surface. 

Also used as synonymous with lee-way. 
(See Drag.) 

Drift Indicator — An instrument for the measurement 
of the angular deviation of an aircraft from a set 
course, due to cross winds. 
Also called Drift Meter. 

Drift Wires — Wires which take the drift load and trans- 
fer it through various members to the body of the 
aeroplane. 

Drip Cloth — A curtain around the equator of a balloon 
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which prevents rain from dripping into the basket. 

Droop — 

(a) An aileron is said to have droop when it is so ad- 
justed that its trailing edge is below the trailing edge 
of the main plane. 
(6) When a wing is warped to give wash-out or wash-in, 
its trailing edge will, relative to the leading edge, be 
displaced progressively from one end to the other. 
A downward displacement is called droop. 

Elevator — A hinged surface, usually in the form of a 
horizontal rudder, mounted at the tail of an aircraft 
for controlling the longitudinal attitude of the air- 
craft, i. e., its rotation about the lateral axis. 

Empannage — A term applied to the tail group of parts 
of an aeroplane. 
(See Tail.) 

Engine Sill, Bearers, Supports — The members form- 
ing the engine bed. 

Entering Edge — The foremost part or forward edge of 
an aerofoil or propeller blade. 

Envelope — The portion of the balloon or dirigible which 
contains the gas. 

Equator — The largest horizontal circle of a spherical 
balloon. 

Fairing — A wood or metal form attached to the rear of 
struts, braces or wires to give them a streamline shape. 

P'air Lead — A guide for a cable. 

Fin — A small fixed aerofoil attached to part of an air- 
craft to promote stability; for example, tail fin, skid 
fin, etc. Fins may be either horizontal or vertical 
and are often adjustable. 
(See Stabilizer.) 

Fire Dash — A metal screen dividing the engine section 
of an aeroplane body from the cockpit section. 

Flight Path — The path of the center of gravity of an 
aircraft with reference to the earth. 

Float — That portion of the landing gear of an aircraft 
which provides buoyancy when it is resting on the 
surface of the water. 

Flying Boat — (See Aeroplane.) 

Flying Position — The position of a machine, assumed 
when flying horizontally in still air. When on the 
ground the machine is placed in a flying position by 
leveling both longitudinally and laterally. The two 
longerons, engine sills or other perpendicular parts 
designated by the maker are taken as reference points 
from which to level. 

Foot Bar — (See Rudder Bar.) 

Fuselage — (See Body.) 

Fuselage Cover — A cover placed on a fuselage to pre- 
serve a streamline shape. 

Gap — The shortest distance between the planes of the 
chords of the upper and lower wings of a biplane. 

Gas Bag — (See Envelope.) 

Glide — To fly without power and under the influence of 

gravity alone. 
Glider — A form of aircraft similar to an aeroplane but 

without any power plant. 

When utilized in variable winds it makes use of 

the soaring principles of flight and is sometimes called 

a soaring machine. 
Gliding Angle — (See Angle.) 



Gore — One of the segments of fabric comprising the en- 
velope of a balloon. 

Ground Cloth — Canvas placed on the ground to pro- 
tect a balloon. 

Guide Rope — A long trailing rope attached to a spherical 
balloon or dirigible to serve as a brake and as a vari- 
able ballast. 

Guy — A rope, chain, wire or rod attached to an object 
to guide or steady it, such as guys to wing, tail or 
landing gear. 

Hangar — An aeroplane shed. 

Head Resistance — (See Parasite Resistance.) 

Helicopter — A form of aircraft whose support in the 
air is derived from the vertical thrust of propellers. 

Horn-Control Arm — An arm at right angles to a con- 
trol surface to which a control cable is attached, for 
example, aileron horn, rudder horn, elevator horn, 
etc. More commonly called a Mast. 

Hull — (See Body.) 

Inclinometer — An instrument for measuring the angle 
made by the axis of an aircraft with the horizontal. 
Indicator-Banking — An inclinometer indicating lateral 
inclination or bank. 

Inspection Window — A small transparent window in 
the envelope of a balloon or in the wing of an aero- 
plane to allow inspection of the interior, or of aileron 
controls when the latter are mounted inside an aero- 
foil section. 

Instability — An inherent condition of a body, which, 
if the body is distributed, causes it to move toward 
a position away from its first position, instead of 
returning to a condition of equilibrium. 

Keel Plane Area — The total effective area of an air- 
craft which acts to prevent skidding or side slipping. 

Kite — A form of aircraft without other propelling means 
than the tow-line pull, whose support is derived from 
the force of the wind moving past its surfaces. 

Landing Gear — The understructure of an aircraft de- 
signed to carry the load when resting on, or running 
on, the surface of the land or water. 

Leading Edge — (See Entering Edge.) 

Leeway — The angle of deviation from a set course over 
the earth, due to cross currents of wind. Also called 
Drift. 

Lift — The component of the force due to the air pres- 
sure of an aerofoil resolved perpendicular to the 
flight path in a vertical plane. 

Lift Bracing — (See Stay.) 

Lift-Drift Ratio — The proportion of lift to drift is 
known as the lift-drift ratio. It expresses the effi- 
ciency of the aerofoil. 

Load — 

Dead — The structure, power plant and essential acces- 
sories of an aircraft. 
Full — The maximum weight which- an aircraft can 

support in flight; the gross weight. 
Useful — The excess of the full load over the dead 
weight of the aircraft itself, i. e., over the weight of 
its structure, power plant and essential accessories. 
(These last must be specified.) 
(See Capacity.) 

Loading — The weight carried by an aerofoil, usually 
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expressed in pounds per square foot of superficial 
area. 

Lobes — Bags at the stern of an elongated balloon de- 
signed to give it directional stability. 

Longeron — The principal fore-and-aft structural mem- 
bers of the fuselage or nacelle of an airplane. 
(See Longitudinal.) 

Longitudinal — A fore-and-aft member of the framing 
of an aeroplane body, or of the float in a seaplane, 
usually continuous across a number of points of sup- 
port. 

Longitudinal Dihedral — (See Dihedral.) 

Mast — (See Horn.) 

Monocoque — (See Body.) 

Monoplane — A form of aeroplane whose main support- 
ing surface is a single wing extending equally on 
each side of the body. 
(See Aeroplane.) 

Mooring Band — The band of tape over the top of a 
balloon to which are attached the mooring ropes. 

Nacelle — (See Body.) 

Net — A rigging made of ropes and twine on spherical 
balloons, which supports the entire load carried. 

Nose Dive — A dangerously steep descent, head on. 

Nose Plate — A plate at the nose or front end of the 
fuselage in which the longerons terminate. 

Nose Spin — A nose dive in which the aeroplane rotates 
about its own axis due to the reaction from the pro- 
peller. It usually results from failure to shut off 
the engine in time when going into a nose dive, and 
is likely to cause complete loss of control. 

Ornithopter — A form of aircraft deriving its support 
and propelling force from flapping wings. 

Out-Rigger — Members, independent of the body, ex- 
tending forward or to the rear and supporting con- 
trol or stabilizing surfaces. 

Overhang — The distance the wings project out beyond 
the outer struts. 

Pan Cake, To — To descend as a parachute after a ma- 
chine has lost forward velocity. To strike the 
ground violently without much forward motion. 

Panel — A portion of a framed structure between adja- 
cent posts or struts. Applied to the fuselage it is 
the area bounded by two struts and the longerons. 
An entire wing is often spoken of as a panel. Thus 
the upper lifting surface of a biplane is usually of 
three parts designated as the right upper panel, left 
upper panel and the center panel. 

Parachute — An apparatus made like an umbrella used 
to retard the descent of a falling body. 

Parasite Resistance — The total resistance to motion 
through the air of all parts of an aircraft not a part 
of the main lifting surface. 

Patch System — A system of construction in which 
patches or adhesive flaps are used in place of the 
suspension band in a balloon. 

Permeability — The measure of the loss of gas by diffu- 
sion through the intact balloon fabric. 

Phillips Entry — A reverse curve on the lower surface 
of an aerofoil, towards the entering edge, designed 
to more evenly divide the air. 

Pitch — Op a Propeller — (See Propeller.) 



Pitch — Of a Screw — The distance a screw advances 
in its nut in one revolution. 

Pitch, To — To plunge in a fore-and-aft direction. 

Pitot Tube — A tube with an end open square to the 
fluid stream, used as a detector of an impact pres- 
sure. It is usually associated with a concentric tube 
surrounding it, having perforations normal to the 
axis for indicating static pressure; or there is such 
a tube placed near it and parallel to it, with a closed 
' conical end and having perforations in its side. The 
velocity of the fluid can be determined from the 
difference between the impact pressure and the static 
pressure, as read by a suitable gauge. This instru- 
ment is often used to determine the velocity of an 
aircraft through the air. 

Plane of Symmetry — A vertical plane through the 
longitudinal axis of an aeroplane. It divides the 
aeroplane into two symmetrical portions. 

Pontoon — (See Float.) 

Propeller or Air Screw — A body so shaped that its 
rotation about an axis produces a thrust in the di- 
rection of its axis. 
Disc-Area of Propeller — The total area of a circle 

swept by the propeller tips. 
Pitch Of — The distance a propeller will advance in 

one revolution, supposing the air to be solid. 
Race — The stream of air driven aft by the propeller 
and with a velocity relative to the aeroplane greater 
.than that of the surrounding body of still air. (Fre- 
quently called slip-stream.) 
Slip Of — The difference between the distance a pro- 
peller actually advances and the distance it would 
advance while making the same number of revolu- 
tions in a solid medium. Usually expressed as a per- 
centage of the total distance. 
Torque Of — The turning moment of the propeller. 
The effect of propeller torque is an equal reaction 
tending to rotate the whole aeroplane in the oppo- 
site direction to that of the propeller. 

Pusher — (See Aeroplane.) 

Pylon — A post, mast or pillar serving as a marker of 
a flying course. Also used infrequently to designate 
the control masts such as the aileron mast, rudder 
mast, elevator mast, etc. 

Rake — The angular deviation of the outer end of a wing 
from a line at right angles to the entering edge. 

Relative Wind — The motion of the air with reference 
to a moving body. Its direction and velocity, there- 
fore, are found by adding two vectors, one being the 
velocity of the air with reference to the earth, the 
other being equal and opposite to the velocity of the 
body with reference to the earth. 

Retreat — (See Sweep Back.) 

Rib — A member used to give strength and shape to an 
aerofoil in a fore-and-aft direction. 
Web — A light rib, the central part of which is cut out 

in order to lighten it. 
Compression — A rib heavier than the web type and so 
constructed as to resist the compression due to the 
wire bracing of the aeroplane. 
Secondary Nose — Small ribs extending from the front 
spar to the nose strip (entering edge). Placed be- 
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tween the main ribs to give support to the fabric near 
the entering edge. Sometimes called Stub Ribs. 

Rigging — The art of truing up an aeroplane and keep- 
ing it in flying condition. 

Rip Cord — The rope running from the rip panel of a 
balloon to the basket, the pulling of which causes 
immediate deflation. 

Rip Panel — A strip in the upper part of a balloon 
which is torn off when immediate deflation is desired. 

Rudder — A hinged or pivoted surface, usually more or 
less flat or streamlined, used for the purpose of con- 
trolling the attitude of an aircraft about its vertical 
axis, i. e., for controlling its lateral movement. 

Rudder Bar — A bar pivoted at the center, to the ends 
of which the rudder control cables are attached. The 
pilot operates the rudder by moving the rudder bar 
with his feet. 

Rudder Post — The post to which the rudder is hinged, 
generally forming the rear vertical member of the 
vertical stabilizer. 

Sea Plane — An aeroplane fitted with pontoons or floats 
suitable for alighting on or rising from the water. 
(See Aeroplane.) 

Serpent — A short heavy guide rope used with balloons. 

Serving — A binding of wire, cord or other material. 
Usually used in connection with joints in wood, and 
cable splices. 

Side Slipping — Sliding sideways and downward toward 
the center of a turn, due to an excessive amount of 
bank. It is the opposite of skidding. 

Side Walk — A reinforced portion of the wings near the 
fuselage serving as a support in climbing about the 
aeroplane. Otherwise known as running board. 

Skidding — Sliding sideways away from the center of a 
turn, due to an insufficient amount of bank. It is 
the opposite of side slipping. 

Skids — Landing Gear — Long wooden or metal run- 
ners designed to prevent nosing of a land machine 
when landing, or to prevent dropping into holes or 
ditches in rough ground. Generally designed to 
function in case the wheels should collapse or fail to 
act. 
Tail — A skid supporting the tail of a fuselage while 

on the ground. 
Wing — A light skid placed under the lower wing to 
prevent possible damage on landing. 

Skin Friction — Friction between the air and a surface 
over which it is passing. 

Slip Stream — (See Propeller Race.) 

Soaring Machine — (See Glider.) 

Span-Wing — Span is the dimension of a surface across 
the air stream. 
Wing Span or Spread of a machine is length overall 
from tip to tip of wings. 

Spars- Wing — Long pieces of wood or other material 
forming the main supporting members of the wing, 
and to which the ribs are attached. 

Spread — (See Span.) 

Stability — The quality of an aircraft in flight which 
causes it to return to a condition of equilibrium after 
meeting a disturbance. 
Directional — That property of an aeroplane by virtue 



of which it tends to hold a straight course. That is, 
if a machine tends constantly to veer off its course 
necessitating exercise of the controls by the pilot 
to keep it on its course, it is said to lack directional 
stabilitv. 
Dynamical — The quality of an aircraft in flight which 
causes it to return to a condition of equilibrium after 
its attitude has been changed by meeting some dis- 
turbance, e. g., a gust. This return to equilibrium 
is due to two factors; first, the inherent righting mo- 
ments of the structure; second, the damping of the 
oscillations by the tail, etc. 
Inherent — Stability of an aircraft due to the disposi- 
tion and arrangement of its fixed parts, i. e., that 
property which causes it to return to its normal atti- 
tude of flight without the use of the controls. 
Lateral — The property of an aeroplane by virtue of 
which the lateral axis tends to return to a horizontal 
position after meeting a disturbance. 
Longitudinal — An aeroplane is longitudinally stable 
when it tends to fly on' an even keel without pitch- 
ing or plunging. 
Statical — In wind tunnel experiments it is found that 
there is a definite angle of attack such that for a 
greater angle or a less one the righting moments are 
in such a sense as to tend to make the attitude re- 
turn to this angle. This holds true for a certain 
range of angles on each side of this definite angle; 
and the machine is said to possess " statical stabil- 
ity " through this range. 

Stabilizer — Balancing planes of an aircraft to promote 

stability. 

Horizontal — A horizontal fixed plane in the empan- 

nage designed to give stability about the lateral axis. 

Vertical — A vertical fixed plane in the empannage to 

promote stability about the vertical axis. 
Mechanical — Any mechanical device designed to se- 
cure stability in flight. 

Stabilizing Fins — Vertical surfaces mounted longi- 
tudinally between planes, to increase the keel plane 
area. 

Stagger — The amount of advance of the entering edge 
of a superposed aerofoil of an aeroplane, over that of 
a lower, expressed as a percentage of the gap. It 
is considered positive when the upper aerofoil is for- 
ward. 

Stalling — A term describing the condition of an aero- 
plane which, from any cause, has lost the relative 
speed necessary for steerageway and control. 

Station — The points at which struts join the longerons 
in a fuselage, are termed stations and are numbered 
according to some arbitrary system. Some makers 
begin with No. 1 at the nose plate an3 number to- 
ward the rear. Other makers begin with at the 
tail post and number toward the front. 

Statoscope — An instrument to detect the existence of a 
small rate of ascent or descent, principally used in 
ballooning. 

Stay — A wire, rope, or the like used as a tie piece to 
hold parts together, or to contribute stiffness; for 
example, the stays of the wing and body trussing. 

Streamline-Flow — A term used to describe the condi- 
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tion of continuous flow of a fluid, as distinguished 
from eddying flow, where discontinuity takes place. 

Streamline-Shape — A shape intended to avoid eddying 
or discontinuity and to preserve streamline-flow, thus 
keeping resistance to progress at a minimum. 

Stringers — A term applied to the slender wooden mem- 
bers running laterally through the wing ribs for the 
purpose of stiffening them. 

Strut — A compression member of a truss frame; for in- 
stance, the vertical members of the wing truss of a 
biplane. 

Strut-Interplane — A strut holding two aerofoils. 

Supporting Surface — Any surface of an aeroplane on 
which the air produces a lift reaction. 

Suspension Band — The band around a balloon to which 
are attached the basket and the main bridle suspen- 
sions. 

Suspension Bar — The bar used for the concentration of 
basket suspension ropes in captive balloons. 

Sweep-Back — The horizontal angle between the lateral 
(athwartship) axis of an aeroplane and the entering 
' edge of the main planes. 

Tachometer — An instrument for indicating the number 
of revolutions per minute of the engine or propeller. 

Tail Cups — The steadying device attached at the rear 
of certain types of elongated captive balloons. 

Tail-Neutral — A tail, the horizontal stabilizer of which 
is so set that it gives neither an upward lift nor a 
downward thrust when the machine is in normal 
flight. 
Positive — A tail in which the horizontal stabilizer is so 
set as to give an upward lift and thus assist in carry- 
ing the weight of the aeroplane when it is in normal 
flight. 
Negative — One in which the horizontal stabilizer is so 
set as to give a downward thrust on the tail when the 
machine is in normal flight. 

Tail Post — The vertical strut at the rear end of the 
fuselage. 

Tail Skid — A skid supporting the tail of a fuselage while 
on the ground. 

Tail Slide — A steep descent, tail downward. Usually 
caused by stalling on an attempt to climb too steeply. 

Thimble — An elongated metal eye spliced in the end of 
a rope or cable. 

Tractor — (See Aeroplane.) 

Trailing Edge — The rearmost portion of an aerofoil. 

Triplane — A form of aeroplane whose main supporting 
surface is divided into three parts, superimposed. 

Truss — The framing by which the wing loads are trans- 
mitted to the body; comprises struts, stays and spars. 

Undercarriage — (See Landing Gear.) 

Vetting — The process of sighting by eye along edges 
of spars, planes, etc., to ascertain their alignment. 
An experienced man can detect and remedy many 
faults in alignment by this method. 

Vol-Pique' — (See Nose Dive.) 

Volplane — To glide. 

Warp — To change the form of the wing by twisting it, 

usually by changing the inclination of the rear spar 

relative to the front spar. 



Washin — A progressive increase in the angle of inci- 
dence from the fuselage toward the wing tip. 

Washout — A progressive decrease in the angle of inci- 
dence from the fuselage toward the wing tip. 

Weight-Gross — (See Load, Full.) 

Wings — The main supporting surfaces of an aeroplane. 
Also called Aerofoils. 

Wing Flaps — (See Aileron.) 

Wing Loading — (See Loading.) 

Wing Mast — The mast structure projecting above the 
wing, to which the top load wires are attached. 

Wing Rib — A fore-and-aft member of the wing structure 
used to support the covering and to give the wing 
section its form. (See Rib.) 

Wing Spar or Wing Beam — A transverse member of the 
wing structure. (See Spars-Wing.) 

Wires — 

Drift — Wires that take the drift load and transfer it 
through various members to the body of the aero- 
plane. 
Flying — The wires that transfer to the fuselage, the 
forces due to the lift on the wings when an aeroplane 
is in flight. They prevent the wings from collapsing 
upwards during flight. 
Landing — The wires that transfer to the fuselage, the 
forces due to the weight of the wings when an aero- 
plane is landing or resting on the ground. 
Stagger — The cross brace wires between the inter- 
plane struts in a fore-and-aft direction. 

Yaw — To yaw is to swing off the course and turn about 
the vertical axis owing to side gusts of wind or lack 
of directional stability. 
Angle Of — The temporary angular deviation of the 
fore-and-aft axis from the course. 

Acceleration — The rate of increase of velocity. 

Center op Gravity — The center of gravity of a body 
is that point about which, if suspended, all the parts 
will be in equilibrium, that is, there will be no tend- 
ency to rotation. 

Centrifugal Force — That force which urges a body, 
moving in a curved path, outward from the center of 
rotation. 

Component — A force which when combined with one or 
more like forces produces the effect of a single force. 
The single force is regarded as the resultant of the 
component forces. 

Density — Mass per unit of volume; for instance, pounds 
per cubic foot. 

Efficiency — (Of a machine.) — The ratio of output to 
input of power, usually expressed as percentage. 

Elastic Limit — The greatest stress per unit area which 
will not produce a permanent deformation of the ma- 
terial under stress. 

Elongation — When any material fails by tension it 
usually stretches and takes a permanent set before it 
breaks. The ratio of this permanent elongation to 
the original length, expressed as a percentage, is a 
measure of the elongation. 

Energy — The capacity of a body for doing work. Heat 
is a form of energy. Any chemical reaction that gen- 
erates heat or electricity liberates energy. Bodies 
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may possess energy by virtue of having work done 
upon them. 

Equilibrium — When two or more forces act upon a 
body in such a way that no motion results, there is 
said to be equilibrium. 

Factor of Safety — The ratio of the load required to 
cause failure in a structural member to the usual 
working load the member is designed to carry. Thus 
if a member be designed to carry a load of 500 lbs. 
and it would require a load 'of 2000 lbs. to cause fail- 
ure, the factor of safety would be four. 

Foot-Pound — The foot-pound is a unit of work. It is 
equal to a force of one pound acting through a dis- 
tance of one foot. This is a foot-pound of energy. 

Inertia — That property of a body by virtue of which 
it resists any attempt to start it if at rest, to stop 
it if in motion, or in any way to change either the 
direction or velocity of motion, is called Inertia. 

Mass — The mass of a body is a measure of the quantity 
of material in it. 

Moment — Moment is the product of a force times its 
lever arm. It is usually expressed in Inch-Pounds. 

Momentum — Momentum is the product of the mass and 
velocity of a moving body. It is a measure of the 
quantity of motion. 

Power — Power is the. time rate of doing work. 

Horsepower — The horsepower is a unit of work. One 
horsepower represents the performance of work at 
the rate of 33,000 foot-pounds per minute, or 550 
foot-pounds per second. 

Resultant of a Force — The resultant of two or more 
forces is that single force which will produce the 
same effect upon a body as is produced by the joint 
action of the component forces. 

Stress — The internal condition of a bodv under the ac- 
tion of opposing forces. The unit of measure is 
usually pounds per square inch. 
Compression — When forces are applied to a body in 
such a way as to tend to crush it, there results a com- 
pressive stress in the body. 
Tension — When forces are applied to a body in such 



a way as to tend to separate or pull it apart, the 
body is said to be in tension or a tensile stress has 
been produced within it. 
Shear — When external forces are applied in such a 
way as to cause a tendency for particles of a body 
to slip or slide past each other, there results a shear- 
ing stress in the body. 

Strain — Strain is the deformation produced in a body 
by the application of external forces. 

Torque — When forces are so disposed as to cause or 
tend to cause rotation, there is produced a turning 
moment which is also called torque. It is usually 
measured in inch-pounds. Thus if a force of 10 
pounds be applied tangentially to the rim of a wheel 
of 10-inch radius, the torque or turning moment will 
be 100 inch-pounds. 

Ultimate Strength — The load per square inch re- 
quired to produce fracture. 

Velocity — In uniform motion, the distance passed over 
in a unit of time, as one second. This may also be 
obtained by dividing the length of any portion of 
the path by the time taken to describe that portion, 
no matter how small or great. 

In variable motion, where velocity varies from point 
to point, its value at any point is expressed as the 
quotient of an infinitely small distance, containing 
the given point by the infinitely small portion of 
time in which this distance is described. 

W r oRK — The product of a force by the distance described 
in the direction of the force by the point of applica- 
tion. If the force moves forward it is called a work- 
ing force, and is said to do the work expressed by 
this product; if backward, it is called a resistance, 
and is then said to have the work done upon it, in 
overcoming the resistance through the distance men- 
tioned (it might also be said to have done negative 
work). 

In a uniform translation, the working forces do an 
amount of work which is entirely applied to overcom- 
ing the resistances. 



The 



System 



The Metric System 

The fundamental unit of the metric system is the METER (the unit 
of length). From this the units of mass (GRAM) and capacity 
(LITER) are derived. All other units are the decimal subdivisions or 
multiples of these. These three units are simply related, so that for 
all practical purposes the volume of one kilogram of water (one liter) 
is equal to one cubic decimeter. 



PRRFIXE8 MEANING 


UNITS 


MILIil- = one thousandth Viooo 


.001 




OENTI- = one hundredth Vioo 


.01 


METER for length 


DEOI- = one tenth Vio 


.1 




unit = one 


1. 


GRAM for mass 


DEKA- - ten "H 
HEOTO- = one hundred i«K 


10. 
100. 


LITER for capacity 


KILO- = one thousand 100 91 


1000. 





The metric terms are formed by combining the words "METER," 
"GRAM," and "LITER" with the six numerical prefixes. 



10 milli-meters 

10 centi-meters 

10 deci-meters 

10 meters 

10 deka-meters 

10 hecto- meters 

10 milli-grams 
10> renti-grams 
10 deci-grams 
10 grams 
10 deka-grams 
10* hecto-grams 



mm = 



Length 

1 centimeter cm 

1 deci-meter dm 

1 METER (about 40 inches) m 

1 deka-meter dkm 

1 hecto-meter hm 
1 kilo-meter (about % mile) km 

Mass 



mg 



10. mini-liters 

10 centiliters 

10 deci-liters 

10 liters 

10 deka-liters 

10 hecto-liters 



ml 



1 centi-gram 

1 decigram 

1 GRAM (about 15 grains) 

1 dekagram 

1 hecto-gram 

1 kilogram (about 2 pounds) 

Capacity 

1 centi-liter 

1 deci-liter 

1 LITER (about 1 quart) 

1 deka-liter 

1 hecto-liter (about a barrel) 

1 kilo-liter 



dg 

g 
dkg 

hg 
kg 



cl 
dl 
1 
dkl 
hi 
kl 



The square and cubic units are the squares and cubes pf the 
linear units. 

The ordinary unit of land area is the HECTARE (about 2% acres). 

Length 

1,000 millimeters (mm) or 100 centimeters (cm) =1 meter (m). 
l.OpO m = 1 kilometer (km). 

Capacity 

1,000 milliliters (mil) or cubic centimeters (cc) = 1 liter (I). 
1,000 1 = 1 kilometer (kl) or cubic meter (cm m). 

Weight 

1,000 milligrams (mg) = 1 gram (g). 

1,000 g= 1 kilogram (kg). 1,000 kg = 1 metric ton. 

A dollar is divided into 100 cents or 1,000 mills, just as the meter 
is divided into 100 centimeters or 1,000 millimeters. And as, for 
example, 2 dollars and 25 cents is written $2.25, so 2 meters and 25 
centimeters is conveniently written 2.25m. Meters, liters and grams 
are treated in the same way as dollars. For practical purposes, from 
units of length are formed the sou ares, cubic or capacity measures (a 
cubic measure 10 cm. on each edge, or 1,000 cc, makes 1 liter) and 
the weights (1 cc. of water weighB 1 gram). 

Length 

For all practical purposes 3 feet and 3% inches equal 1 meter or 
100 centimeters, and 1 inch equals 2.5 cm. The exact legal equiva- 
lent for the United States is 39.37 inches to lm. 

Capacity 

One liter equals 1.0567104 liquid quarto or about .91 dry quart. 
One fluid ounce equals about 29.57 milliliters or cc. 

Weight 

In avoirdupois weight one ounce equals nearly 28.25 grams; -one 
pound, exactly 453.5924277 g. nearly 454 g. or 454 kg. 



One short ton equals about .91 metric ton; one long ton equals abou 
1.02 metric tons, and one kg. equals about 2.20 pounds. 



EQUIVALENTS 

1 METER = 39.37 INCHES 

Legal Equivalent Adopted by Act of Congress, July 28, 1866. 



Centimeter 

Meter 

Meter 

Kilometer 

Kilometer 

Inch 

Foot 

Yard 

Statute mile 

Nautical mile 



Sq. centimeter 
Sq. meter 
Sq. meter 
Hectare 
Sq. kilometer 
Sq. inch 
Sq. foot 
Sq. yard 
Acre 
Sq. mile 



Cu. centimeter 
Cu. meter 
Cu. meter 
Cu. inch 
Cu. foot 
Cu. yard 



Milliliter 

Milliliter 

Liter 

Liter 

Liter 

Dekaliter 

Hectoliter 

U. S. liq. ounce 

U. S. apoth. dram 

U. S. liq. quart 

U. S. dry quart 

U. S. liq. gallon 

U. S. peck 

U. S. bushel 



Gram 

Gram 

Gram 

Gram 

Gram 

Kilogram 

Kilogram 

Metric ton 

Metric ton 

Grain 

U. S. apoth. scruple 

U. S. apoth. dram 

Avoir, ounce 

Troy ounce 

Avoir, pound 

Troy pound 

Gross or long ton 

Short or net ton 



Length 

0.3937 

3.28 

1.094 

0.621 

0.5396 

2.540 

0.305 

0.914 

1.61 

1.853 

Area 

0.155 
10.76 
1.196 
2.47 
0.386 
6.45 
0.0929 
0.836 
0.405 
2.59 

Volume 

0.0610 
35.3 

1.308 
16.39 

0.0283 

0.765 

Capacity 

0.0338 
0.2705 
1.057 
0.2642 
0.908 
1.135 
2.838 
29.57 
3.70 
0.946 
1.101 
3.785 
0.881 
0.3524 

Weight 

15.43 
0.772 
0.2572 
0.0353 
0.03215 
2.205 
2.679 
0.984 
1.102 
0.0648 
1.296 
3.89 

28.35 

31.10 
0.4536 
0.373 
1.016 
0.907 



inch 

feet 

yards 

statute mile 

nautical mile 

centimeters 

meter 

meter 

kilometers 

kilometers 



sq. inch 

sq. feet 

sq. yards 

acres 

sq. mile 

sq. centimeters 

sq. meter 

sq. meters 

hectare 

sq. kilometers 



cu. inch 
cu. feet 
cu. yards 
cu. centimeters 
cu. meter 
cu. meter 



U. S. liq. ounce 

apoth. dram 

U. S. liq. quarts 

U. S. liq. gallon 

U. S. dry quart 

U. S. pecks 

U. S. bushels 

milliliters 

milliliters 

liter 

liters 

liters 

dekaliter 

hectoliter 



grains 

U. S. apoth. scruple 

U. S. apoth. dram 

avoir, ounce 

troy ounce 

avoir, pounds 

troy pounds 

gross or long ton 

short or net tons 

grams 

grams 

grams 

grams 

grams 

kilogram 

kilogram 

metric tons 

metric ton 



LENGTHS 


INCHES 




MILLI- 
METERS 


INCHES 


CENTI- 
METERS 


FEET 


METERS 


U. S. Yards 


METERS 


TJ..S. Miles 


KILO- 
METERS 


0.03937 


— 


1 


0.3937 — 


1 


1 


= 0.304801 


1 


= 


0.914402 


0.62137 = 


1 


0.07874 


— 


2 


0.7874 = 


2 




= 0.609601 


1 093611 


— 


1 


1 — 


1.60935 


0.11811 


^^ 


3 


3 = 


2.54001 


3 


= 0.914402 


2 


— 


1.828804 


1.24274 = 


2 


0.15748 




4 


1.1811 = 


3 


3.28083 


= 1 


2.187222 


— 


2 


1.86411 = 


3 


0.19685 


— 


5 


1.5748 = 


4 


4 


= 1 219202 


3 


^^ 


2.743205 


2 = 


3.21869 


0.23622 


^!^ 


6 


1.9685 = 


5 


5 


= 1.524003 


3.280833 


— 


3 


2.48548 = 


4 


0.27559 


— 


7 


2 = 


5.08001 


6 


= 1.828804 


4 


— 


3.657607 


3 = 


4.82804 


0.31496 


— 


8 


2.3622 = 


6 


6.56167 


= 2 


4.374444 


— 


4 ' 


3.10685 = 


5 


0.35433 





9 


2.7559 = 


7 


7 


= 2.133604 


5 


— 


4.572009 


3.72822 = 


6 


1 


_ 


25,4001 


3 = 


7.62002 


8 


-- 2.438405 


5.468056 




5 


4 = 


6.43739 


2 





50,8001 






9 


= 2.743205 


6 


— 


5.486411 


4.34959 = 


7 


3 


 — 


76.2002 


3.5433 = 


9 


9.84250 


= 3 


6.561667 


— 


6 


4.97096 = 


8 


4 





101.6002 


4 — 


10.16002 


13.12333 


- 4 


7 


— 


6.400813 


5 = 


8.04674 


5 


— 


127.0003 


5 = 


12.70003 


16.40417 


= 5 


7.655278 


— 


7 


5.59233 = 


9 


6 


— 


152.4003 


6 = 


15.24003 


19.68500 


= 6 


8 


— : 


7.315215 


6 = 


9.65608 


7 




177.8004 


7 z=: 


17.78004 


22.96583 


= 7 


8.748889 


— 


8 


7 - 


11.26543 


8 


— 


203.?004 


8 = 


20.32004 


26.24667 


= 8 


9 


— 


8.229616 


8 = 


12.87478 


9 


""~ 


228.6005 


9 = 


22.86005 


29.52750 


= 9 


9.842500 


^~ 


9 


9 = 


14.48412 
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SERVICE 



ving to the Fray! 

With the same determination and dash that secured 
official credit for 154 Huns over the lines in France, 
the executives of the Interallied Aircraft Corporation 
are bending every effort to the development of aviation 
in the United States along firm business lines. 

The Interallied Aircraft Corporation deals in air- 
craft of various types, together with all accessories and 
equipment. 



must be cheerfully given by 
our organization. We ask 
the opportunity to demon- 
strate our 

PERFORMANCE 



Intc 



DAFT 



185 Madison Avenue, New York City 



WE WILL GLADLY CORRESPOND WITH RESPONSIBLE PERSONS CONCERNING AGENCIES 



Our stock of logs, and our manufacturing 
facilities, enable us to supply you with 

MAHOGANY 



CEDAR 

lumber or veneer in any thickness, quality, or 
quantity desired. 

ASTORIA MAHOGANY COMPANY, Inc. 

AfiUs: Offues: 

LONG ISLAND CITY 347 MADISON AVENUE 



N. Y. 



New York City 



=*£* 



HARTSHORN 
STREAMLINE WIRES 

ASSEMBLED WITH HARTSHORN 
UNIVERSAL STRAP ENDS 

Make the Ideal Aeroplane Tie 
Rods. 

All streamline wires heat treat- 
ed in process and produced by 
our carefully developed method 
of cold reverse rolling, will meet 
the most exacting tests. 

Send for our descriptive cir- 
cular A\, describing our wires 
and terminal fittings. 

STEWART HARTSHORN CO. 

250 6th Annua, New York 




• ^tSjuipped with 

Jones AeMphine 
1 Tachometer 

What better illustration of confidence was possible at a 
time when success in the great trans- Atlantic Sight 
was vital? 

The TACHOMETER enabled the pilot of 
the NC 4 to run hi* engine at « maximum 
•peed with a minimum consumption of fuel. 

He could see at all times each change in engine 
■peed is indicated by the number of revolutions per 
minute end make any adjustment necessary. 

The appliance is the lightest on 
the market and indispensable 
(or aeroplane engines where 
efficiency and economy of fuel 
are of paramount Importance. 
WrOt Jo. mi hookUt 



JONES-MOTROLA, Inc. 

ix-H WEST S54 ST. WW T0RK 




"BBST BY TEST' 



THE AERO BLUE BOOK 1919 



Sumptuously Bound 



ENCYCLOPEDIC IN DETAIL 

work of reference for all technical students of 



Profusely Illustrated 

r pilots and for laymen who desire 



Indispensable as a text book and a 
to be well informed in aeronautical n 
Authoritative articles by leading writers on aeronautics. 

The Aero Blue Book is the only available source of information which gives complete lists of all licensed pilots, descriptions of 
aeronautical trophies and the conditions under which they are awarded, the laws and regulations governing air contests etc etc 
No aeronautical library, public or private, is complete without the Aero Blue Book. 
The New York Times says. 



c Organisations." ' 
tbook of Military P 



l-K rjf j, 



ar the r 



r- of 



of the Arm Club of Anient 
Jones. U.S. A.: Rear Adrr 

Alberto Santos- fin mont, 1 



rer; Alan R. Hawk . ... 

lammond. Jr.. Colonel E. Lester 
Peary, Augustus Post. Secretary 

T. Granville A. Pci^.a-k. U. S. A.; 
1 Todrj, Henry A. Wise Wood, 
a University. Pi-ai-'icn;!-.- every 
in Mr. Woodhousr 1 . work. 



The New York Tribune says. 

The Blue Book of the Air 

THE AERO BLUE BOOK. Edited by Henry 

Illustrated. Folio, pp. loa. The Century Company 

us handsome (olio is a most impressive reminder of the amaiing 

lopment of aerial travel and traffic, largely inspired and promoted 

he needs of the war. Ini: unrticulnrly now to be adapted to the still 



Postpaid $5.15 

To be had at Aeronautic Library, 299 Madison Avenue, N. Y. Cry 



FLYING IS THE LEADER 



%*<• 



I" UST as the aeroplane leads all other means of transportation as a time saver, so 
FLYING Magazine leads all other aeronautical publications in circulation and 
volume. 

If you wish to keep abreast of the developments in aeronautics, subscribe to 
FLYING. 

If you have any advertising to dp, insert it in the magazine which is the oldest 
and goes to the largest number of people. 



FLYING 



25c a copy. $3.00 a year. 

280 MADISON AVENUE 

NEW YORK 



A REMARKABLE RECORD 

Throughout each month of Nineteen Nineteen AERIAL AGE readers have 
had a greater volume of authoritative material presented to them than the readers of 
any other aeronautical publication in America. AERIAL AGE has published the 
largest number of 

Pages Technical Material, 
Illustrated Aeroplane Descriptions, 
Illustrated Engine Descriptions, 
General News Paragraphs, 
General Illustrations, 
Advertising Pages. 



Since the Signing of the Armistice 

Much engineering data of great value could not be published on account of cen- 
sorship regulations prior to November, but when the censorship was lifted AERIAL 
AGE was 

The First to Describe 

(i) The Liberty Motor, devoting fourteen pages to a com- 
plete description, including fifty illustrations. 

(2) The Hispano-Suiza Aviation Motor, telling the complete 
story with twenty-six illustrations. 

(3) Description of Naval Aircraft Factory with many pho- 
tographs. 

(4) Duesenberg 850 H.P. Motor, with complete illustrations 
and diagrams. 

(5) King-Bugatti Motor, sixteen pages and forty illustrations. 

(6) The N.C-i Flying Boat, Caproni Triplane, Standard 
Handley-Page, Standard El Defense Scout, Standard Postplane, 
Christmas Bullet, Bellanca Biplane, Gallaudet Seaplane, Le Pere 
Fighter, Ordnance Scout, De Haviland 4, Breguet-Biplane, Sun- 
stedt Seaplane, etc. 

(7) Complete report of Hughes Aircraft Investigation. 

(8) Complete aircraft reports by Secretary Baker, General 
Kenly, Secretary Daniels, J. D. Ryan, and Postmaster General 
Burleson. 

(9) The extensive plans of the Aero Club to foster aerial 
transportation, sport, etc., with list of seventeen trophies and 
prizes to be competed for during the coming year at Atlantic City. 

(10) The complete report of the American Aviation Mission 
to Europe. 

This editorial record is unequalled by any other American Aeronautical Journal. 
If you desire to 

Keep Abreast of Aeronautical Developments 

Subscribe to AERIAL AGE WEEKLY, the National Technical, Engineering, and Trade 
Authority, 280 Madison Avenue, New York. 



Please enter my Subscription to AERIAL AGE WEEKLY for the next year. I enclose herewith my check 
for Four Dollars. 



NAME 

ADDRESS. 
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Triplex Safety Glass 

NON-SHATTERABLE NON-SPLINTERING 

STANDARD FOR AIRCRAFT CONSTRUCTION 

Windshield Window* and Body Glass 

Aviators' Goggles and Masks 

Aircraft Instrument Covers 

Also used for Automobile Windshields and 
enclosed body work. Portlights and Bridge 
Screens on Naval Vessels; Industrial Goggles; 
Diving Suits, etc. 

TRIPLEX SAFETY GLASS CORPORATION 
OF AMERICA 

60 BROADWAY NEW YORK CITY 

Affiliated with 
Triplex Safety Glass Co. Ltd. of Great Britain 
societe du verre triplex of france 
Contractors to the Governments of the United 
States, Great Britain, France and Italy. 

Note reference to Triplex Glass on pages 13 1 
and 153 of this book 



LUMA-LITE Aircraft Instruments 



with 



LUMA 



The Radium 
LUMAnous 
Compound 

Used by the United States and Foreign 
Governments during the war. 
LUMA is guaranteed to contain only 
RADIUM as its activating agent. 
Our Dial Painting factories are con- 
veniently located for prompt service. 

Write for alimatt and full information 

RADIUM DIAL COMPANY 

GENERAL OFFICES: PITTSBURGH, PA. 

LITTLE BLDG.. BOSTON-MARSHALL-FIELD ANNE* BLDG., CHICAGO 
MI FIFTH AVE.. NEW YORK 

dial painting factories: Fitubunh, u*., i.i.-j ch,, chk.11., >•»•- 
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AIR POWER 



FOUNDED 191S 



A magazine devoted editorially to the firm establish- 
ment of the United States as an Air Power of the World, 
by means of a Merchant Air Marine. 

AIR POWER is of interest to the subscriber and 
advertiser alike. 



For further information address : 



The Secretary, AIR POWER 



280 Madison Avenue 



• • 



• • 



New York City 
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